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Report  Abstract 

Research  on  simple  and  complex  metal  hydrides  of  lithium,  beryllium 
magnesium,  aluminum  and  boron  has  been  carried  out.  The  work  reported  herein 
describes  the  preparation  and  structural  determination  of  a  number  of  new 
hydrides  as  well  as  the  development  of  new  economic  methods  tor  the  preparation 
of  known  compounds. 

The  first  report  describes  the  preparation  of  a  new  class  of  hydrides, 
HfdgNRg  compounds,  and  reports  that  those  reactions  leading  to  HMgOR  compounds 
actually  produce  a  mixture  of  MgH^  and  MgOR^. 

The  second  report  describes  the  preparation  of  the  first  complex  metal 
hydrides  in  which  magnesium  is  the  central  metal  atom.  The  two  compounds 
prepared  thus  far  are  XMgH^  and  NaMg^H^. 

The  third  report  describes  a  most  economic  route  to  aminoalanes, 
HnAl(NR2)2_R,  bv  the  reaction  of  aluminum,  hydrogen  and  secondary  amine. 
Compounds  such  as  KAINCch^ )g  were  prepared  in  essentially  quantitative  yield. 

The  fourth  report  describes  a  similar  route  for  the  preparation  of 
aminoboranes  by  the  reaction  of  aluminum,  hydrogen,  phenyl  borate  and  secondary 
amine.  Aminoboranes  such  as  HEN^CgH^g  are  produced  in  ~90^  yield. 

The  fifth  report  describes  a  complete  evaluation  of  the  reaction  of 
alkali  metal  hydrides  with  magnesium  halides  as  a  route  to  active  magnesium 
hydride.  Kagnesium  hydride  can  be  formed  in  high  yield  under  several  sets  of 
conditions. 

The  sixth  report  describes  the  reactions  of  complex  metal  hydrides  with 
Grignard  reagents  tc  form  RKgAlH^  compounds  which  are  precursors  to  HKgAlH^. 


The  seventh  report  describe ~  all  attempt  anus  far  to  prepare  HMgAlHj, 
and  HKgEfcj  by  two  different  meorod*. 

The  eighth  report  describes  attempts  to  prepare  MgCAlB^  KbH^  )  and 
where  M  =  Li  and  Ns. 

The  ninth  report  describes  a  detailed  study  concerning  the  preparation 
of  B--{niU)  v,  from  LiAlHj,  or  NaAlri.  ana  L-eCi^  an  diethyl  ether  or  tetrahydrcfuran. 

The  tenth  rer^ort  describes'  a  study  of  the  thermal  decomposition  of 
complex  metal  hydrides  by  means  of  the  newly  acquired  ETA -IGA  instrumentation. 

The  eleventh  report  describes  the  preparation  of  a  new  class  of 
compounds ,  RMgH- 

Two  papers  have  appeared  in  print  during  the  contract  period  as  2  result 
of  work  presented  initially  in  ".he  previous  report  and  completed  during  the 
present  contract.  Both  of  these  publications  are  attached.  A  third  publication 
•also  containing  work  completed  airing  the  present  contract  year  is  in  press 
*.nd  is  not  included.  This  werfc  describes  the  reaction  of  LiAlHj  with  Et^Mg  in 
diethyl  ether  solvent* 


Concerning  the  Preparation  of  Dialkyl(aryl)aminomagnesiura 
Hydrides  and  Alkoxy(aryloxy)magnesium  Hydrides 

R.  G.  Beach  and  E.  C.  Ashby 

Abstract 

Dialkyl(aryl)aminomagnesium  hydrides  have  been  synthesized  by  hydrogenation 
or  LiAIH^  reduction  of  dialkyl(aryl)aminoraagnesium  alkyl  compounds. 

R1MgNR&2  +  H2  -  HMgKR22  +  R'Si 

R1  =  0^,  s-C^ 

R2  =  C2H5,  i-C^,  n-Cj^H^, 

4  E3MgNR^2  +  LiAlH^  -  4  HMgHR*  +  LiAlR3^ 

R3  =  CgH5,  i-C^H^ 

,  >  _  = 

The  hydrides  were  err  -,ac+erized  by  elemental  analysis,  X-ray  powder  patterns, 
infrared,  -and  then..  .talysis-  Infrared  bands  in  the  1500-160Q  cm-'*'  and 
550-700  cm  1  regions  are  assigned  to  Mg-H  stretching  and  bending  modes 
respectively  by  comparison  with  the  correspondin';  deuterated  compounds.  A 
Hofmann  type  elimination  is  proposed  to  explain  the  thermal  decomposition  of 


2 


the  hydrides.  Alkoxy(aryloxy)magnesium  hydrides  were  shown  to  be  unstable  and 
disproportionate  to  MgHg  and  (RO)gMg  (R  =  CH^,  i-C^H^,  t-C^H^,  ) . 


Introduction 

Compounds  of  the  type  HAlCOR^^,1  H^lfHRg^^,^  HBeNRg  and  HBeOR"' 


(1)  H.  Noth  and  H.  Suchy,  Z.  Anorg.  Chem. ,  358,  44  (1968). 

(2)  E.  Wiberg  and  A.  May,  Z.  Naturforsch. ,  10b,  234  (1955);  J»  K.  Ruff 
and  M.  F.  Hawthorne,  J.  Am.  Chem.  Soc.  82,  2l4l  (i960). 

(3)  N.  A.  Bell  and  G.  E.  Coates,  J.  Chem.  Soc.  (A-)-,  823  (1968). 
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are  krown.  Bauer  reported  the  formation  of  HMgOCgHj.  by  CgHj-MgH  cleavage  of 


(4)  R.  Bauer,  Z.  Naturforsch. ,  17b,  201  (1962). 

(C,J{e.)-0,  but  did  net  give  any  evidence  that  the  compound  was  not  a  mixture  of 
KgHg  and  (CgH^OjgMg.  Coates^  briefly  reported  a  soluble  aminomagnesium  hydride 
when  MgHg  was  allowed  to  react  .with  trimethylethylenediamine  in  toluene. 

Preparation  cf  HMgOR  and  HMgNEg  compounds  was  undertaken  in  order  to 
characterise  this  class  o?  compounds,  and  to  determine  their  usefulness  as 
stereospecific  reducing  agents. 

Experimental 

Apparatus.  -  Reactions  ere  performed  and  ~.r  nitrogen  at  the  bench.  Filtrations 
and  other  manipulations  were  done  in  a  glove  box  equipped  with  a  recirculating 
system  using  manganese  oxide  columns  to  remove  oxygen  and  dry  ice-acetone  traps 
to  remove  solvent..'* 


(5)  3.  F.  Shriver, 
Hill,  1969. 


"The  Manipulation  of  Air-Sensitive  Compounds,'!  McGraw- 
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Infrared  spectra  were  obtained  on  a  Perkin  Elmer  621  Spectrophotometer.  Solution 
spectra  were  obtained  in  a  cell  with  KBr  windows  and  solid  spectra  were  obtained 
as  nujol  mulls  between  Csl  plates.  X-ray  powder  data  were  obtained  on  a  Philips 
Norelco  'X-ray  unit  using  a  11^.6  mm  camera  with  nickel  filtered  CuKot  radiation. 
Samples  were  sealed  in  0.5  mm  capillaries  and  exposed  to  X-rays  for  6  hours. 
D-spac’ngs  were  read  on  a  precalibrated  scale  equipped  with  a  viewing  apparatus. 
Intensities  were  estimated  visually.  A  300  ml  Magne -Drive  autoclave  (Autoclave 
Engineers,  Inc. )  was  used  for  high  pressure  hydrogenation.  DTA-TGA  data  were 
obtained  simultaneously  on  a  Mettler  Thermoanalyzer  2*.  Platinum  crucibles  were 
used  to  hold  the  samples  and  alumina  was  used  as  a  reference  material.  An  atmos¬ 
phere  of  argon  was  maintained  during  decomposition. 

Ana?:,  cical.  -  Gas  analyses  were  done  by  hydrolyzing  samples  with  hydrochloric 
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aeid  on  a  standard  vacuum  line  equipped  with  a  Toepler  pump.  Magnesium  and 
aluminum  were  determined  by  EDTA  titration. 

Materials.  -  Methanol  (Fisher  Scientific  reagent  grade)  was  distilled  after 
treating  with  magnesium  metal,  t -Butanol  (Fisher  Scientific  reagent  grade)  was 
fractionally  crystallized  under  nitrogen.  Isopropanol  (Fisher  Scientific)  was 
distilled  after  drying  over  Molecular  Sieve  ^A>  Phenol  (Kallinckrodt  Analytical 
reagent  grade)  was  distilled  at  reduced  pressure.  Dietnylamine,  dj.isopropylamine, 
3nd  dl -n-butylamirie  (Eastman  Organic  Chemicals)  were  dried  over  Molecular  Sieve 
tA  and  distilled  prior  to  use;  Dipl  ■'’ny  la  cine  (Eastman  Or  *et>ic  Chemical)  was 
used  without  further  purification. 

Solvents  were  distilled  iczsedlately  before  use  from  lithium  aluminum 
hydride  or  sodium  aluminum  hydride  depending  on  the  toiling  point,  cf  the  solvent. 
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A  solution  of  lithium  aluminum  hydride  (Ventron,  Meta 1  Hydride  Division) 
was  prepared  by  stirring  a  diethyl  ether  slurry  overnight  and  filtering  through 
dried  Celite  Analytical  Grade  Filter  Aid  (john-Mansville),  The  solution  was 
standardized  by  aluminum  analysis.  In  a  similar  manner  a  solution  of  lithium 
aluminum  deuteriae  (Metal  Hydrides  Incorporated)  was  prepared.  Sodium  hydride, 
57%  in  mineral  oil,  was  obtained  from  Alfa  Inorganics. 

Diisopropyimagnesiura  and  diethylmagnesium  were  prepared  by  the  dioxane 
precipitation  method.^  Di-s-butylmagnesium  was  prepared  from  active  MgClg  and 


(6)  G.  0.  Johnson  and  A.  Adkins,  J.  Am.  Chem.  Soc. ,  54,  1943  (1932).  W. 
Strohmeier  and  F.  Seifert,  Chem.  Ber.  94,  2356  (1961). 
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s-butyllithium  in  benzene.  Z<5agnesium  hydride  was  prepared  from  LIAIH^  and 


(7)  C.  W.  Kamienski  and  J.  F.  Eastham,  J.  Org.  Chem. ,  34,  1116  (l 969). 


diethyjimagnbsium  in  diethyl  ether. 


(8/  G.  D.  Barbaras,  G.  Dillard,  A.  E.  Finholt,  T.  Warlik,  K.  E.  Wilzbach, 
and  H.  1.  Schlesinger,  J.  Am.  Chem.  Soc.,  73,  ^585  (1951)*  E.  C.  Ashby  and  R.  G. 
Beach,  in  press. 

Anal,  Calcd  for  KgHg:  Kg,  92»3>  K,  7*65-  Found:  Kg,  72. S’,  H,  6.26;  Al,  0; 
(C^H^)„0,  2 0A‘  by  difference.  The  ratio  of  Kg:H  is  l.CC:2.07. 
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Etfcylnagnesiua  t-bttioxide  (C0H^MgC5t-CjJI^)  and  isopropylma gnes ium  t-butoxide 

( i-C^Hy^Ct-C^H^)  were  prepared  by  adding  an  equivalent  amount  of  t -butanol  to 
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the  appropriate  dia Ikylca  gnesiu^  in  diethyl  ether.  The  diethyl  ether  solvent 


(9)  G.  E.  Coates,  J.  A-  fieslop,  II.  E*  redwood.  er.d  D.  Ridley,  J.  Cher.  Soc. 
(A),  1118  (19c£).  '  “ 
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was  removed  at  reduced  pressure  and  'benzene  solutions  prepared. 

Di is o  propy laminoeihylma gnes ium  ((i-C^Ii^NKgCgH^)  and  di-n-butylaminoethyl-r 
magnesium  ((n-C^H^J^llMgCgH^)  were  prepared  by  adding  an  equivalent  amount  of  the 


appropriate  secondary  amine  to  {C^L^^Sg  In  diethyl  ether. 
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The  diethyl  ether 


(10)  G.  E.  Coates  and  D.  Ridley,  J.  Chem.  Soc.  (A),  %  (l$67). 


solvent  was  evaporated  and  benzene  solutions  prepared. 

s-C4H9IdgN(i-C3H7)2,  s-C4H9^N(n-CuK9)2,  s-C^KgN^H^,  and 
were  prepared  by  adding  an  equivalent  amount  of  the  appropriate  secondary  amine 
to  di-s -butylma gnes ium  in  benzene. 

Di-n-butylaminomagnesium  chloride  ( (n-C^Hp^ffi^Ci)  was  prepared  from 
i-C^H^MgCl  and  an  equivalent  amount  of  (n-C^H^NH  in  diethyl  ether. 

Preparation  of  R^HKgH  (R  =  i-C^K^,  n-C,^,  C^H..)  - 

1)  Hydrogenation  of  diaI3tyl(aryl)aminoisagnesiun  compounds.  -  J)ialkyl(aryl) 
aminonsgnesium  alhyl  solutions  (0.2-0.7  M)  in  benzene  (ICC  nuL)  were  hydrogenated 
overnight  at  3000  psig.  The  temperature  of  hydrogenation  depended  on  the  partic¬ 
ular  alhyl  group:  50-70°  for  the  ethyl  group  and  25°  for  the  s -butyl  group. 
Analytical  and  spectroscopic  data  of  the  precipitates  are  given  in  Table  1. 
Hydrogenation  was  complete  in  the  reactions  performed  at  5O-7O0.  At  25°  seme 
starting  compound  was  generally  found  in  the  filtrate. 

2)  Reaction  of  dialhylapinoalkylgagnesius  vita  XiAlH^  and  LiAlPt...  - 
a)  C^K^iiCi-C^K^)^  -  To  a  diethyl  ether  solution  of 

(38  mmole),  LiAlH^  (9*5  nmole)  in  diethyl  ether  was  added  slowly  fren  an  addition 
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was  isolated. 

Anal:  Mg,  45.4;  H,  1.82.  The  infrared  spectrum  showed  Mg-H  bands,  and  X-ray- 
powder  lines  were  those  of  MgHgi  Tne  filtrate  contained  no  magnesium.  In  a 
similar  experiment  with  (i-C^H^gNH,  the  same  results  were  obtained. 

Preparation  of  Bis-dialkylaminomagnesium  Compounds  - 

1)  -  To  a  diethyl  ether  solution  of  (i-C^)^  (14.7  mmole), 
(^2^5* ( 29- 4  mmole)  was  slowly  added  at  room  temperature.  An  immediate 
precipitate  formed.  Analysis  of  the  precipitate  is  given  in  Table  1. 

2)  I-Cn-_C),Hg)2N32Mg  -  In  the  same  manner  as  above  (n-C^H^NH  was  added 

^i_C3H7^2tlg  in  ether.  No  precipitate  formed.  After  stirring  several 

hours,  the  diethyl  ether  was  evaporated  at  reduced  pressure.  Analysis  of  the 
solid  is  given  in  Table  1. 

3)  .[;(i-C^H^)2K)2Mg  -  In  the  same  manner  as  above  the  ( i-CLlO  was 

J  I  ^ 

added  to  (i-C^H^Mg  in  diethyl  ether.  No  precipitate  formed.  After  refluxing 
several  hours  the  solvent  was  removed  under  vacuum. 

Anal.  Calc,  for  [(i-C^gN^Mg:  Mg,  10.82;  Calc,  for  i-C^gNU-C^g 
Mg,  14.51;  Found:  Mg,  l4«37«  Infrared  spectrum  showed  a  small  amount  of 
unreaated  amine  (1625  cm  ^)  still  remained  in  the  product. 


Table  1  -  Dialkyl (aryl) a minomagnesium  hydrides:  Analytical,  Infrared  and  X-ray  Powder  Data 
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Attempted  Preparation  of  ROMgH  - 

1)  Reaction  of  KgHg  and  ROK  (R  =  CH^.  i-C.H,-,,  t-C^,  O-Kj  -  In  a 
typical  case  CH^OH  (6.00  mmole'  was  added  to  a  slurry  of  MgH^S.OQ  mmole)  in 
"benzene  (50  ml'.  The  mixture  was  stirred  overnight  under  refluxing  conditions. 

The  solid  was  isolated  by  filtration  and  dried  in  vacuo  at  room  temperature.  The 
reaction  was  repeated  with  the  other  alcohols  in  benzene  and  tetrahydrofuran  (THF). 
Analytical  and  X-ray  powder  data  are  given  in  Table  2.  In  all  cases  the  filtrates 
contained  no  magnesium. 

2)  Hydrogenation  of  C^H^KgOu-C^H^  -  A  0. 5M  benzene  solution  of  CgH^KgOi-C^H^ 
(50  mmole)  was  hydrogenated  at  110°  and  3000  psig  in  the  autoclave  overnight.  The 
precipitate  was  isolated  as  above.  Analytical  and  X-ray  powder  data  are  given 

in  Table  2.  The  filtrate  contained  10  mmoles  of  magnesium.  The  ratio  of 
Kg:H:C_H  in  the  filtrate  was  1.00:0.0:0.88. 

3)  Hydrogenation  of  i-C^H^gOfc-C^H^  -  A  0.3M  benzene  solution  of 
i-C^H^-S0t-q^.(30  nmole)  was  hydrogenated  at  room  temperature  and  3000  psig 
overnight.  Ho  reaction  occurred.  The  hydrogenation  was  repeated  at  50° C  and 
3000  psig  overnight.  The  precipitate  was  isolated  as  above.  Analytical  and 
X-ray  powder  data  are  given  in  Table  2.  The  filtrate  contained  1.0  mmoles  of 
magnesium  and  no  hydridic  hydrogen. 

Preparation  of  (RO)jlg(R  =  1?-,.,  i-C^H,-,,  t-C^E.,  •  In  a  typical  case  GLOH 

(8.00  mmole)  was  added  to  a  slurry  of  MgH2  (4.00  mmole,':  in  benzene.  After 
refluxing  overnight  the  solid  was  isolated  by  filtration.  The  reaction  wa* 
repeated  with  the  other  alcohols  in  benzene  aha  THF.  Analyti  ai  and  X-ray 
powder  data  are  given  in  Table  2.  In  all  cases  the  filtrates  contained  no 
magnesium. 
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Table  2:  Analytical  and  X-ray  Powder  Data  of  "ROp^H"  Compounds 


Compound 

Solvent 

Kg:H  Ratio 

X-ray  Powder  Data 

m2 

diethyl  ether 

1:2.07 

3*193,  2.50S,  2.255?,  1.673 

"CIUOMgH” 

benzene 

1:1.17 

H.0VS,  3.20M,  2.50M,  2.255?,  1.66W 

'■CH30Ms3,f 

THFa 

1:1.10 

H.0VS,  3.20M,  2.5OM,  2.25W,  1.685? 

(C^O^Kg 

benzene 

1:0.0 

11.0V3 

"i-C^OMgH" 

benzene 

1:1.02 

8.75S,  4.3024,  3.2557,  2-5057, 

2.25W,  1.66W 

"i-C^IljOMgH" 

THF 

1:0.78 

8.75S,  4.301.5,  3-255?,  2-5057, 

2.25W,  1-68W 

(i-C3H70)2,.S 

benzene 

1:0.0 

8.8S,  4.3024 

"t-C^HoOtSgH" 

benzene 

1:0.30 

9.0s,  8.0M,  4.501.5,  4.305.5,  4.00VW, 
3.455?.  3.25VH,  3. low,  2.5OW, 
1.68VW 

"t-CjjH^OKgH" 

TKF 

1:0.94 

9- OS,  8. CM,  4.505.5,  4.3OM,  4.005?, 
3.4557,  3.25W,  3-0557,  2-505?,  2.25W, 
1.6757 

^"t-C^OMgH" 

benzene 

1:0.80 

9.2s,  8.51.5,  4.507.5,  4.302.5,  3.5077, 

3-2024,  2.502-5,  2.255?,  1.675? 

C"t-C4H90l^gH" 

benzene 

1:0.60 

8.8S,  7.92-5,  4.452-5,  4.205?,  4.  COW, 
3.4514,  3.255?,  3.055? 

(t-^O-Jgfe 

benzene 

1:0.0 

9.03,  8-OS,  4.5025,  4.302?, 

4.0CW,  3-502*5,  3.055? 

"C^OKgH" 

benzene 

I-O.99 

10.5S,  8.524,  5-G5M,  4.6CW,  4.25S, 
3.25S,  2.5OW,  2.25W,  1.68t? 

(C6H50)2Mg 

benzene 

1:0.0 

10.53,  8. 55?>  5.102-5,  4.605?,  4.25S, 
3.2524 

THF 

1:1.05 

10.5s,  8.2524,  6.905?,  5-90W 5?, 

4.855?,  4.705?,  4.482-5,  4.3524, 

4,1524,  3.9024,  3-7524,  3.555?, 

3.4524,  3-305?,  3.205?,  3,G8w, 

3-02W,  3. C-OW,  2.505f,  2.405?, 

2-25V5?,  1.87V5?,  1.68V5? 

Table  2  (continued) 


Compound  Solvent  Kg:H  Ratio  ~  x-Tay  Powder  Bata 


(c6H5°V~  ^  1:0'°  10.5s,  8.25s,  6.S5M,  5-95W, 

5-15S,  5.^7,  5.15s,  4.50s, 
4.353,  4.15m,  3.90S,  3.803, 
3.65S,  3.45M,  3.3^7,  3.20s, 
3.00S,  2. 90S,  2.801-7.  2.TCS, 

2.40Si  2.25s,  1.86s' 


"THF  -  tetrahydrofuran 

^Hydrogenation  of  Cgft-KgOt-C^  at  13.0s  awl  3COG  psig. 
^Hydrogenation  of  iC^^Ct-C^  at  5C°  and  3000  psig. 
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Results  and  Discussion 

D  i  i  s  opr opyla  mi no  ma  gne  s  i  urn  hydride  [(i-CjH^gMMgH]  (l)  was  synthesized 
hy  tne  hydrogenation  of  s-C^H^KgN(i-CqH^)2  at  25°  and  3000  psig.  The  filtrate 
contained  2%  of  the  starting  compound  hut  no  hydridic  hydrogen..  (l)  had  a 


s-Cj^MgNU-CH^ 


KMgN(i-C3H7)2  +  C4H10 

(I) 


ratio  of  1.00:0.84,  anc  a  unique  X-ray  powder  pattern  which  contained  no 
KgHg  lines  (Table  1).  The  1  frared  spectrum  (nujol  mull)  of  (l)  had  a  broad 

-1  i-l 

band  at  1500  cm  appearing  as  a  shoulder  on  the  nujol  band  at  1455  cm  .  The 
assignment  of  this  band  is  discussed  below,  (i).  is  insoluble  in  benzene  and 
diethyl  ether,  but  is  soluble  in  THF  to  the  extent  of  0.021  m/l.  The  molar  ratio 
of  Mg:H  in  the  THF  solution  was  1.00:0.98. 

(I)  was  also  prepared  by  adding  a  diethyl  ether  solution  of  LiAlH^  to  an 
ether  solution  of  CgH,.MgH(  i-C^F^g. 


LiAlH^  +  4  C2H5MgN(i-C3H7)2  -  4  HMgiKi-C^g  +  (2) 


An  immediate  precipitate  formed  which  could  be  completely  desolvated  _in  vacuo  at 
room  temperature.  The  X-ray  powder  pattern  and  infrared  spectrum  (Table  1)  were 
the  same  as  (i)  prepared  by  hydrogenation. 

In  order  to  assign  the  infrared  bands  (i-C^H^gNMgD  (ll)  was  prepared  from 
LiAU)^.  The  infrared  spectrum  of  (ll)  revealed  that  the  bands  present  in  (l)'  at 
1500,  690,  and  65O  cm-1  were  absent  in  (ll)  and  that  the  bread  bands  present 
at  approximately  1050  and  470  cm  ^  were  as  predicted  for  the  isotopic  shift  of 


_jL 

I-ig-K  to  Mg-B.  The  bands  at  690  and  65&  cm  are  in  the  region  expected  for 

metal-hydrogen  bending  modes.  The  band  it  15 GO  cm  *  is  probably  a  terminal 

-1 

Mg-E  stretching  band.  A  Mg  -H  stretching  frequency  of  1497  cm  has  been 
calculated  from  the  vapor  phase  electronic  emission  spectra  of  KgE. 

(H)  M»  A-  Khan,  Proc.  Phys.  Soc.,  60,  523  (1952). 

Bridging  metal -hydrogen  absorption  bands  occur  at  lover  energy  than  terminal 

metal-hydrogen.  Absorption  centers  around  1160  cm  ^  in  MgH^,  which  has  a  rutile 

12 

structure  with  magnesium  6-coordinate  and  hydrogen  3-coordinate. 

(12)  W.  K.  Zachariasen,  C.  E.  Holley,  Jr.  ,  and  J,  F.  Stamper,  Jr.,, 

Acta  Cryst. ,  16,  352  (1963). 

In  a  similar  case,  terminal  Be-H  occurring  in  BegH^-TMED1^  showed  absorption 

(13)  G-  E.  Coates  and  P.  j.  Roberts,  J.  Chem.  Soc.  (A),  ICCo  (1969). 
bonds  at  17$7  and  1807  cm  \  while  in  [ (CIt  )^?’CHsBeH30  where  the  Ee-H  bonds  are 

•ml  ttf 

,  -1  14 

bridging,  absorption  occurs  at  1342  cm  . 

(14)  G.  E.  Coatas  and  I«.  A.  Bell,  J.  Chem.  Soc. ,  642  (1965)* 

Because  of  the  low  solubility  of  (X)  no  molecular  weight  determination 
was  possible.  - 

An  attempt  to  prepare  (l)  from  hydrogenation  of  a  benzene  solution  of 
( i  -  C^H^) g  at  70'i  resulted  in  the  formation  of  a  compound  with  a  different 
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X-ray  powder  pattern  (Table  l).  The  infrared  bands  were  very  broad  am 
strong  at  1550  ar.d  655  e="X.  The  !£: H  solar  ratio  vas  l.CG:i.?C  which  say  be 
due  tc  sees  hydrogenation  of  the  bond  to  fora  l^Hg»  although  no  lines 
were  visible  in  the  X-ray  powder  pattern.  In  this  connection,  the  hydrogenation 
of  C5H,^«{i-C-H7)2  at  I1C*  resulted  in  complete  hydrogenation  of  the  Mg-N  bond 
ao  veil  as  the  li-C  bond  to  form  exclusively.  The  fate  of  the  crane  vas  rot 
determined. 

Tho  stability  of  (l)  was  studied  in  solution  and  in  the  solid  state.  A 
IK?  solution  of  (l)  vas  refluxed  overnight.  The  ?>c:H  ratio  in  solution  decreased 
to  1.00:0 *52.  ic  the  -.olid  state  (l)  begins  to  decompose  at  7C*  with  a  slow 
continuous  weight  loss  to  300'-  Ko  strong  endothermic  or  exothermic  heat  effects 
occurred.  The  weight  loss  to  ?C0°  corresponds  closely  to  the  less  of  hydrogen 
and  cropene.  A  likely  derxeposit-ion  ne-chanisn  is  a  Ebfcann.  type  elimination  of 
olefin  frozs  the  amine  as  shown  in  (3)- 


CH-,  CE,  E 

T3  .!>  / 

ca,-^  h 

h  —  kt  ft  —  a 

^pt-OL 

4  \<s.4  3 


i-CUiU^  ^SStS-- 
3 - Vj/ 


Although  (i-ClH^)2!Ty5K  is  drawn,  as  a  diner  in  (3)  the  same  scheme  would  hold 
f;r  3  polymeric  species  with  bridging  hydrogens.  The  product  in  (?)  continues 
tc  cose-  weight  slowly  above  3CC*  with  evidence  cf  carbon  being  deposited  on  the 


x6> 

Effluent  jes  analysis  will  be  necessary  to  further  describe  the 

•pCSAtiSf. 

In  order  to  rain  core  insight  into  the  d e c-s “ s s  It  i  s  n  of  (I)/  on  attempt 

sdv  *-0  prepare  c is  ^iisepr  rpylarinsjnrgnesi  -n,  fr:r  (i-~  gjjs  s-ni  (i-g-rh,),*': 

s  f  «;  s  f  <- 


yl  •:  .;cr.  After  removin’  the  solvent,  th.  infrared  spests 


f  ***’^&A 


till  present  (Xt25  ss~~)»  a 
t  was  :-h-U!r;:(i-h:-'  i-* 

■^f  s  7'sf 


-_e  fai'l-^rs  to  f- 


li* 


.>r,7  - - 


-eri:  &««*  »«.  fS=d  tiat  H,)* 


is  easily  be  -iec-s-lvatei  while 


:sis2'« 


de:  oivate 


srr.pt  weight  loss.be.tihs  a- 


_ £ 


XJ* 


■  ezanple  C&Z&U-CJL.)-  vs; 
he  thermal  deasnrosiUsn  of  i-:hH_Ks:;(i-g, Hj ~ 

0  l  Z  *  <L 

i  continues  without  a  break  tc  y>-*»  This 
7  pro  seed  sinilar  so  {l}  with  the  ferns  tier.  :f  propane  by  an 
he  Isopropyl  ssrcaniss  iron  ss  gr.es  lur  cn  the  vets  hysrs  g:n  cf  the 
to  up  cf  the  seine  end  at  the  case  tine  eiirlsatir-g  trsses-s  frsn  the 
.sg  the  sene  sense  mi  as  (2)-  this  vs  ,11  be  sinilar  a:  the  rare 


An 


.1  -> 


i  J 
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\  d 
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Us)  5.  E  Csttes  sni  J.  A-  Hcslrp,  g.  ghsn.  gee.  (A*.  5-- 
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gave  propane  instead  of  the  expected  propene.  It  is  obvious  from  the  gradual 
but  continuous  weight  loss  that  dialkylaminomagnesium  hydride  could  not  be 
prepared  from  the  pyrolysis  of  a  dialkylaminomagnesium  alkyl  compound. 

—  Di-n-butylaminomagnesium  hydride  [ (n-C^H^ jgNMgH]  (ill)  was  synthesized  by 
hydrogenation  of  s-C^H^MglKn-CkH^g  at  25°  similar  to  (i).  (ill)  is  soluble  in 
benzene  to  the  extent  of  0.09  m/l  and  i3  very  soluble  in  THF  (>  0.8  m/l).  (ill) 
has  only  a  slight  solubility  in  diethyl  ether.  The  infrared  spectrum  of  (ill) 
(Table  1)  shows  a  strong  MgH  band  at  1550  cm  ^  and  650  cm  \  and  the  X-ray 
powder  pattern  chows  no  lines  for  MgHg.  A  preliminary  molecular  weight  deter¬ 
mination  by  the  static  vapor  phase  method  indicates  that  (ill)  is  dimeric  in  THF. 
The  amino  groups  are  probably  in  bridging  positions  with  the  hydrogens  in  terminal 


positions. 

When  a  THF1 solution  of  (ill)  was  refluxed  overnight,  the  ratioof  Mg:H 
decreased  to  1.00:0.49.  Thermal  analysis  shows  that  in  the  solid  state  (ill) 
begins  to  lose  a  small  amount  of  weight  at  120°,  but  the  most  significant  weight 
ions  occurs  beginning  at  220°  accompanied  by  an  endothermic  heat  effect.  The 
weight  loss  corresponds  closely  to  the  loss  of  hydrogen  and  butene  leaving 


Ci.IUN 


Mg 


NCi  Hn  which  slowly  continued  to  lose  weight  even  above  500°  Bis(di-n- 


but,yiamino)magnesium  was  synthesized  and  the  thermal  decomposition  studied.  Weight 
.tons  begins  at  50°  and  continues  gradually  to  215°  ,  where  the  rate  of  weight  loss 
increases  rapidly.  The  first  weight  loss  corresponds  to  the  loss  of  butene  and 
■the  second  to  di-n-buty lamine.  The  mechanism  for  the  loss  of  butene  is  not 
clear.  The  total  weight  loss  leaves  a  compound  with  a  magnesium  content  the 
come  as  with  (ill). 
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Hydrogenation  of  C2H5MgN(n-C^Hg)2  at  506  in  benzene  produced  (n-C^H^gNMgH 
of  a  different  crystalline  form  (Table  1).  The  Mg:H  ratio  was  1.00:1.24.  The 

Mg-H  infrared  bands  occur  at  1600  and  675  cm”'*'  in  the  solid  state,  but  in  THF 

.1 

(O.HHm)  the  Mg-H  stretching  band  occurs  at  1500  cm  .  The  ratio  of  Mg:H  in 

:  elution  was  1.00:1.12. 

An  attempt  to  prepare  (ill)  by  LiAlH^  reduction  of  C2H^MgN(n-»>C|+H^)2  in 
diethyl  either  was  unsuccessful  because  the  products  could  not  be  separated. 

The  infrared  spectrum  of  the  reaction  product  shows  that  the  expected  products 
were  formed.  Wo  Al-H  bands  were  observed  in  the  1600-1750  cm"1  region  of  the 
spectrum,  but  a  Mg-H  band  at  154-0  cm  ^  was  observed,  (ill)  prepared  in  benzene  J 
by  nydrogenation  has  very  slight  solubility  in  diethyl  ether,  but  when  formed 
in  diethyl  ether,  it  does  not  precipitate.  Presumably  (ill)  prepared  in  diethyl 
ether  is  an  etherate  which  is  soluble,  but  the  stability  of  the  desolvated 
crystalline  lattice  is  such  that  resolvation  does  not  occur. 

‘An  attempt  to  prepare  (ill)  by  a  different  route  also  failed.  Di-n-butyl 
ainine  was  added  to  a  Grignard  reagent  to  form  di-n-butylaminomagnesium  chloride 
( (n--CitH^)pNMgCl).  This  compound  was  stirred  several  days  with  NaH  both  in 
t-uzene  and  diethyl  ether.  In  both  cases  the  starting  compound  was  recovered 
unchanged. 

liethylaminomagnes ium  hydride  [ (CgH^gNMgH]  (IV)  was  synthesized  by 
ti\".trogt nation  of  s-C^H^MgN(C2H^)2  similar  to  (i)  (Table  I).  TV  is  insoluble 
in  benzene,  however  it  is  soluble  in  THF  to  the  extent  of  0.08  m/1.  Thermal 
■  •u  ulywis  of  IV  shows  the  principal  weight  loss  begins  at  2005  and  continues  to 
■•'•O'  accompanied  by  a  strong  endothermic  heat  effect.  The  weight  loss  corresponds 


to  the  loss  of  H9  and  CUH.  leaving  a  compound  similar  to  that  found  in  (3), 

w; 

Bis-diethylaminomagnesium  was  synthesized  for  thermal  analysis.  Weight 
loss  begins  at  5°°  and  continues  gradually  to  220°  where  an  increase  in  the 
rate  of  weight  loss  begins  accompanied  by  a  slight  endothermic  effect.  The  first 
weight  loss  corresponds  closely  to  the  loss  of  ethylene  while  the  second 
corresponds  to  the  loss  of  diethyl  amine.  At  400°  the  residue  from  the  decompo¬ 
se. ion  of  (TV)  and  bis -diethylaminomagnes ium  contains  35*82  and  35*53  per  cent 
magnesium  respectively  assuming  no  loss  of  magnesium..  This  corresponds  closely 
to  the  theoretical  value  calculated  for  (C2H,-NMg),  36.08. 

Diphenylamincmagnesium  hydride  ((CgHj-^NMgH)  (v)  was  synthesized  in  a 


similar  manner  as  (i).  (Table  1).  (v)  is  only  slightly  soluble  in  benzene. 

Thermal  analysis  shows  an  endothermic  heat  effect  at  220°  with  no  weight  loss. 
Above  350°  a  very  slow  weight  loss  begins;  This  decomposition  is  consistent  with 
the  proposed  elimination  of  alkene  from  the  amine.  In  this  case  elimination 
cannot  occur  with  the  phenyl  groups  and  no  weight  loss  occurs  until  a  very 
high  temperature  is  reached.  At  220°  the  compound  may  decompose  forming  no 
volatile  compounds. 

Trimethylethylenediaminomagnesium  hydride  [  ( CH^  J^NCHgCHglK  CH^  )MgH ]  (VI ) 
was  synthesized  by  the  hydrogenation  of 

(Table  l).  (VX;  is  soluble  in  benzene  to  the  extent  of  0;13  m/l.  VI  is 
unstable  in  refluxing  benzene  over  a  period  of  several  days.  An  attempt  to 
purifv  a  sample  by  Soxhlet  extraction  resulted  in  loss  of  hydrid’ic  activity. 

Ihe  decomposition  probably  proceeds  similarly  to  the  above  decompositions  by  a 
hydride  attack  on  the  amino  methyl  groups. 


MgN( CH^ ) CH2CH2N( CH3 ) g  m  benzene 
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An  attempt  was  made  to  prepare  (vi.)  by  the  direct  reaction  of  trimethyl- 

e4hyienediamine  and  MgHg  similar  to  the  reaction  of  trimethylethylenediamine  and 

3  : 

BeHg  reported  by  Coates.  No  reaction  occurred  at  room  temperature  but  on 
refluxing  several  days  approximately  one  half  of  the  MgH^  reacted.  However* ■ 
no  hydridie  activity  was  found  in  solution  presumably  because  of  the  thermal 
decomposition  of  the  hydride.  Evaporation  of  the  solvent  gave  a  brown  oily  resin. 

MgK^  and  diisopropylamine  and  di-n-butyla m  ine  did  not  react  even  under 
forcing  conditions  to  form  the  hydrides.  In  all  cases  unreacted  MgH2  was 
recovered. 

No  attempt  has  been  made  to  prepare  the  dimeth/laminomagnesium  hydride 
te cause  the  starting  compound  RMgNCCKUjg  unstable  and  disproportionates  to 
R  J-Ig  and  C(CH3)2N]2Mg.10 

In  contrast  to  the  stable  aminomagnesium  hydrides,  the  a lkoxyma gnes ium 

h, dr ides  are  unstable  and  disproportionate  to  MgH2  and  dialkoxymagnesiunu.  The 

X-ray  powder  patterns  (Table  2)  for  "ROMgH"  (R  =  CH^,  i-  C^H^.)  all 

chow  lines  of  MgH0,  and  in  addition,  the  remaining  lines  are  those  of  the 

appropriate  (R0)2Mg  also  listed  in  Table  2. 

The  synthesis  of  ROMgH  compounds  was  attempted  by  two  methods,  direct 

reaction  of  MgH^  and  RQH  and  hydrogenation  of  RMgOR  compounds.  Although  the 

Mg H2  used  was  an  active  form  prepared  by  LiAlH^  redaction  of  (cyi^-lg  in  diethyl 

c’her,  the  direct  reaction  with  alcohols  was  slow  and  proceeded  only  under 

rr fluxing  conditions  in  THF  or  benzene.  Apparently  the  reaction  formed  the 

intermediate  "ROMgH"  compour.l  which  then  disproportionate^  to  MgH  and  (R0)  Mg. 

2.  2 

:  MgH2  +  RCH  -  .ROMgH  +  H 2 


(5) 
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ROMgH  -  1/2  MgH2  +  i/2  (BD)gHg  (6) 

Hydrogenation  of  CgH^MgOt-C^H^  at  110°  in  benzene  resulted  in  the  formation  of 
a  mixture  of  I'lgH^  and  (t-C^H^O^Mg  (Table  2).  Since  the  disproportionation  may 
be  occurring  at  the  higher  temperature  it  was  considered  desirable  to  synthesize 
the  compound  at  a  lower  temperature,  i - C^H^MgOt - was  synthesized  and 
hydrogenated  at  room  temperature.  Ho  reaction  occurred  at  room  temperature, 
and  the  hydrogenation  was  repeated  at  50° •  A  product  was  isolated  and  shown 
to  be  a  mixture  of  MgHg  and  (t-C^H^O^Mg  by  X-ray  powder  pa  tterns. 

(RCO^Mg  compounds  were  synthesized  in  the  same  manner  using  two  equivalents 
of  alcohol.  All  of  the  (R0)2Mg  are  insoluble  in  the  solvents  used,  benzene 
and  THF.  The  phenol  case  is  somewhat  complicated  by  the  formation  of  different 
crystalline  forms  from  different  solvents. 

The  infrared  spectra  of  "ROMgH"  and  (R0)2Mg  are  identical.  In  a  mixture 
the  very  broad  weak  bands  of  MgHg  are  not  evident  in  the  spectra.  However,  in 
no  case  was  there  any  indication  of  MgH  bands  similar  to  the  MgH  bands  found  for 
the  amino  compounds. 
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The  Preparation  of  KMgH.  and  Related  Compounds 


R.  A.  Kovar  and  E.  C.  Ashby 


Abstract 

KMgH^  2nd  related  complex  metal  hydrides  of  magnesium  have  been,  prepared 
ky  hvdrcgenoly&is  or  pyrolysis  of  KMgCs-Bu^H.  The  stable  KMgRgH  compounds  were 
prepared  from  KH  and  MgRg  in  hydrocarbon  solvent. 

Introduction 

The  Importance  of  complex  metal  hydrides  of  aluminum  and  boron  (e.g. , 
LiAlH.  and  NaBH^)  in  both  organic  and  inorganic  chemistry  is  well  known.1 


(1)  N.  Go  Gaylord,  "Reductions  with  Complex  Metal  Hydrides,"  Inter¬ 
science  Publishers,  Hew  York,  1956. 


Comp2ex  metal  hydrides  of  alkali  metals  with  magnesium,  although  highly  sought 

2 

after,  are  unknown.  For  example,  in  an  attempt  to  prepare  LiMgH^ ,  Tanaka 


(2)  J.  Tanaka  and  R.  West-gate,  Abstracts  of  Papers  Ho.  15 5,  257th 
national  ACS  Meeting,  1 969* 

reported  that  bydrogenolysis  of  a  mixture  of  methyliithium  and  dimethylmagnesium 

3 

.a*.  elevated  temperatures  formed  a  mixture  of  LiH  and  MgH,,.  Coates  recently 


(3)  G.  E.  Coates  and  J.  A.  Heslop,  J.  Chem.  Soc.  (A),  57+  (1968) . 

r<porf td  that  pyrolysis  of  the  r.-butyllithium  adduct  of  dimethylmagnesium 
(presumably  LiKg(CH^  a  mixture  of  LiH  and  dimethylmagnesium. 
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Results  and  Disc  ^ssion 

We  wish  to  report  the  first  successful  synthesis  of  a  complex  metal 

hydride  of  an  alkali  metal  and  magnesium.  The  compound  XMgJU  (potassium 

tnhydridomagnesiate)  was  prepared  by  the  hydrogenolysis  of  KKgCs-C^H^gK 

k 

in  benzene  solution. 


(to)  E.  C.  Ashby  and  R.  C.  Arnott,  J.  Organometail,  Chem. ,  (in  press). 


KJ.lg(s-C4H9)2H 


KMgKg  +  2  C4H10 


The  solubility  of  KMjsCs-C^HgJgH  in  benzene  is  unique  and  avoids  the  necessity 
of  hydrogenolysis  in  more  basic  solvents,  such  as  ethers,  thus  eliminating  the 
competition  between  solvent  and  hydride  ion  for  coordination  sites  in  the 
expected  product.  In  addition,  secondary  butyl  groups  bonded  to  relatively 
electropositive  metals  are  known  to  undergo  hydrogenolysis  under  relatively  mild 
conditions.  This  factor  allows  reduction  of  this  compound  at  room  temperature 
where  it  is  known  to  exist  as  an  authentic  KKgRgH  complex.  This  is  an  important 
point  since  high  temperature  hydrogenation  of  Lewis  acid-base  complexes  of  this 
type  might  be  preceded  by  extensSva  dissociation  at  the  higher  temperatures, 
followed  bjr  reduction  forming  a  mixture  of  alkali  metal  hydride  and  magnesium 
hydride  according  to  Eq>  2. 


KKgR„,H  =  KK  +  K3U 

cl  d 


KH  +  m 3H2  -5-  2  RH 


(2) 


Hydrogenolysis  of  a  0.5  molar  benzene  solution  of  potassium  di -z -butyl - 
hydriaociagnesiate  (K=Eg:Butyl  K  -  1.0:1.0*1.9*0.95)  under  30CO  psig  hydrogen 
>r  ?5  for  h  nr.  resulted  in  quantitative  precipitation  of  a  yellow 
solid  which  reacted  violently  when  exposed  to  the  atmosphere.  This  solid  was 
i-.oivsed  for  alkali  metal  (by  flame  photometry),  magnesium  (by  KDJA  titration) 
t.'-.'i.  hydrogen  (by  gas  evolution  analysis).  Analysis  gave  a  potassium,  magnesium 
and  hydrogen  ratio  of  l~0;l,0:3«0  (Anal.  Caled.  for  KJ-'sH, -  K,  Jo.?,  Vjz,  36.8; 

H,  *-.52.  Found-;  K,  53.9;  lig,  36-2;  K,  ^.56).  Ho  butane  was  produced  on 
J:.aroi.ys is  indicating  complete  1  eduction,  and  formation  of  a  FH'KgH,.  species. 

The  analytical  data  are  also  consistent  with  the  formation  of  2  physical  :- 
mixture  of  KH  and  M£Hg.  However,  X-ray  powder  analysis  (Table  t)  revealed  a 
u-'iqu-  diffraction  pattern,  different  from  the  patterns  for  KH  and  KgH-,  indicating 
’•ha*  the  reaction  product  is  rot  a  physical  mixture.  The  strongest  line  for  KH 

*  o 

(-,*  5 ♦  3‘i  A)  and  strongest  lines  for  KgHL  (at  3-19,  2.^95,  1.67,  and  1.59  A)  are 

-j-arly  absent  from  the  EK'jS L,  pattern.  Preliminary.'  studies  on  KKgJi.  indicate 

0  0 

• a  *  i*  is  insoluble  in  common  hydrocarbon  and  ether  solvents,  stacie  .to¬ 
il -prsportionation  and  does  not  sleeve  other  solvents.  A  preliminary  study  of 
’ r.T  *r.irma_  prcpert.es  of  KZTgii-  as  determined  by  simul+anesu.  ITA-T1A  analysis 
r  veiled  2  weak,  broad  exothermic  effect  3*  ~^CCcC  which  r,y  j.ryi„ -cate  dispropor- 
■  jets'  ion  *t  rid  ini  IggH.  followed  ry  ends thermic  effects  a*  ; 2f  and  icC'C  due 


'  .  4"  tmps-.it ion  of  IggH^  and  KH  respectively.  •.<;  also  prepared  nv  a 

t.ruly* ic  olefin  elimination  reaction  when  iT!g(s-Cj,Hg} -K  was  heated  in  light 
mineral  oil  g  £0':  binder  vacuum. 


■mu-chu9)2n 


KKgih  *  2  C,H- 
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Comparison  of  the  powder  pattern  data  for  KMgH^  with  that  of  KMgF^ 

suggests  that  these  two  compounds  are  isomorphcus,  a  result  predicted  from 

the  similar  ionic  radaii  of  F  and  K  .  The  Berovskite  structure  was  demonstrated 
5 

for  KMgF^  and  ic  thus  implied  for  KMgHg*  This  structure  is  found  for  ABX^ 


(5)  R-  C.  Be  Vries  and  Rustum  Roy,  J.  Am.  Chem.  Soc. ,  75,  2^79  (1953 ) ^ 

systems  (A  =  B  =  metal  cations,.  X  =  anion)  in  which  one  cation  is  much  larger 

than  the  other.  It  is  described  as  a  cubic  close-packed  arrangement  of  the 

anions  and  the  larger  cations,,  with  the  smaller  cations  occupying  octahedral 

6 

positions  in  an  ordered  pattern.  It  is  proposed  that  each  magnesium  cation  of 

(6)  F.  A.  Cotton  and  G-  Wilkinson,  "Advanced  Inorganic  Chemistry,"  John 
Wiley  and  Sons,  Inc. ,  New  York,  196^,  p-  66 8. 

is  surrounded  by  an  octahedral  arrangement  of  hydride  ions.  The  crystal 

7 

structure  of  MgHg  was  clearly  shewn  to  be  tbat  of  rutile  which  also  involves 


(7)  K-  M.  I-hekay,  "Hydrogen  Compounds  of  the  Metallic  Elements,"  Wilmer 
Brothers  limited,  Birkenhead,  Cheshire,  1966,  p.  ^0. 


an  octahedral  array  of  hydride  ions  about  each  magnesium  cation.  The  environ¬ 
ment  about  magnesium  in  and  is  therefore  predicted  to  be  essentially 

equivalent.  Independent  verification  of  this  prediction  is  obtained  from 
comparison  of  the  infrared  spectra  (obtained  as  a  IJu.loX  mull  between  KBr  salt 
plates)  for  these  two  compounds.  MgH,,  exhibits  two  bread  adsorption  envelopes 
centered  HCO  and  6$0  cm”1.  These  are  assigned  tc  metal-hydrogen  stretching 
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and  deformation  vibrations  respectively.  The  infrared  spectrum  of  KMgH^ 
rev^alea  +wo  similarly  broad  adsorptions  centered  at  1150  and  680  cm  \  The 
Usenet  of  pronounced  shifts  is  verification  of  nearly  equivalent  environments 
in  Oi-se  compounds. 

This  study  was  extended  to  include  reductions  of  the  thH-( s -jdu)gMg  system. 
It  has  c-een  shown  that  0.5  mol.  of  NaH  (per  mole  of  di-s -butylmagnesi am)  goes 
inTc  solution  when  equivalent  molar  quantities  of  ITaH  and  di-s-butylmagnesiun 

Q 

are  stirred  at  50?  for  48  hr.  in  benzene  solution: 


(8)  R.  Arnott  and  S.  C-  Ashby,  unpublished  results. 


NaH  t  Mg(s-ChH9)2 


1/2  NaH  +  1/2  NsKg2(s-CJ+HAH 


Filtration  of  t-fce  reaction  mixture  allows  separation  of  benzene  soluble  NaKgJS^K. 
The  proposed  structure  is  shown  below.  : 


E\  /Kx  /R 

7^  ^R^ 


Ns 


Reduction  of  the  secondary  butyl  grottos  was  predicted  to  generate  a 

2  5 

tp-cies,  mixturee  of  NaKgH^  4  or  NaH  *■  2  NgH.-,,  depending  an  the  relative 


.itatilitaes  of  each. 

Hydrogenation  of  this  material  at  room  temperature  efftc-e«  quantitative 
rr^cip-4 ration  of  magnesium  and  tedium.  The  solid  was  isolated  r.i  the  sodium, 


c 


* 


ma  gr.es  rum,  and  hydrogen  atomic  ratio  found  to  be  0.9i2-0;4-^0.  Ko  butane  was 
evolved  indicating  complete  reduction*  Unfortunately,  the  X-ray  powder  pattern 
of  tni  3  material  did  not  show  clear  lines  which  would  differentiate  the 
possible  products.  This  is  attributed  to  the  very  small  particle  size  of  this 
material,  Thermo i  analysis  of  this  solid  as  determined  by  PTA-'-TLA  studies, 
revealed  a  strong  exothermic  effect  at  115'1  which  may  indicate  intramolecular 
rearrangement  of  NaKg^H,.  and  Subsequent  effects  xn  the  thermal 

analysis  are  qualitatively  consistent  with  pyrolysis  of  a  mixture  of  IJaKgHj  and 
l^Zn.y  The  solid  obtained  by  heating  this  hydrogenation  product  past  ilv  exhibited 
clear  X  -ray  powder  diffraction  lines  which  we  attribute  to  IJaKgH?  end  (Vide 

Infra).  : 

Removal  of  solvent  from  EaKggRjJf  (R  =  s-butyl)  under  vacuum  and  pyrolysis 
m  light  mineral  oil  at-  iC5c  for  severe!  hours  afforded  a  solid  material,  light 
gray  in  color.  The  X-ray  diffraction  pattern  of  this  materiel  contained  strong, 
wall  defined  lines  (Table  XT).  Several  of  the  weaker  lines  correspond  exactly 
to  those  reported  for  The  remaining  lines  are  assigned  to  These 

liner?  bear  a  remarkable  resemblance  (both  in  intensity  and  distribution)  to 

r-r ported  for  KJvgR^  with  the  exception  that  lines  in  the  letter  compound 

X 

occur  at  slight  3y  larger  d  values  ewing  to  the  larger  K'  ionc  radio*-:  and  larger 
■nit  cell  parameters. 


Ual'^SjR  (R  -  s-butyl) 


o 


(5) 


The  I  in  as'  or- signed  to  sre  very  similar  to  those  reported  f;r  I.'jM-'K  (  Table 

H>.  ir  iic-ating  that  these  two  compounds  are  isomorphous  ar.d  lvo-^ruc? urai-  The 


o 
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per  -  -  kite  structure  was  demonstrated  for  Naf-JcF^  ana  is  thus  implied  for  IJaKgK, • 

We  are  presently  attempting  to  prepare  Ho MggK^  by  lov  temperature  pyrolysis 
>t  Ha.’IcR.  ii  (R  -  s-butyl)  xn  the  hope  that-  we  will  obtain  a  product  which  will 
pr  iu-e  an  interpretable  X-ray  powder  diffraction  pattern-  (We  have  observed 
♦hi*  -n  general,  pyrolysis  of  a  material  affords  solids  with  larger  particle 
cizt,  or.d  con : equently  better  defined  powder  pattern  than  that  obtained  by 
hi'drogcnat  ion).  We  will  then  be  in  an  excellent  position  to  study  the  therma lly 
induced  disproportionation  to  ITaKgH^  and 

OxT  results  .oneerning  attempts  to  prepare  LiMgH^  by  room  temperature 
t, crcgersa^ior.  of  LiKgE^  (R  =  s-butyl)  in  benzene  solution  are  at  present  incon- 
Ci.,-;irc-  Hydrogenation  of  Lii-^R^  (R  =  s-butyl),  made  by  mixing  equal  molar 
q-antities  of  s-butyl  lithium  and  di-s-butylmagnesium  in  benzene,,  afforded 
q -a  r.tita  tree  precipitation  of  lithium  and  magnesium  and  a  solid  which  revealed 
a  lithium,  magnesium,  and  hjnirogen  ratio  of  C.95-‘I-C0;2,£0.  Unfortunately,  the 
;ciid  produced  in  this  reaction  was  of  very  fine  particle  size  and  did  not 
proiu’e  3  w'lw  defined  X-ray  powder  pattern.  The  broad  and  diffuse  lines  which  . 
i-re  present  correspond  reasonably  well  with  lines  reported  for  l'^H0  and  IdK, 

U:  -  -  c  one  of  these  lines  did  not.  It  is  thus  possible  th3t  LiKgR^  (R  -  s-butyl) 
ex  is*  in  benzene  solution  in  equilibrium  with  species  which  when  subjected  to 
.-r-.-cf-u*. ion  produce  a  mixture  of  LiH,  and  LiKgH^ ‘ 


H„ 


LiKgR^  -  R Li  e-  J5eS 


LiKgHj  +  LiH  t  JfcH, 


(6) 


Ihcrrcai  analysis  of  the  hydrogenation  product  revealed  a  strong  endo therm 
-j ■  Hi*'  accompanied  by  loss  of  weight  as  hydrogen  (9Cf>  of  'calculated).  A  weak 


i 


Uk«' 


endotherm  occurs  at  ^80°  accompanied  by  loss  of  weight  as  hydrogen  (10$  of 
calculated)..  The. ^80°  endotherm  is  assigned  to  decomposition  of  LiH  by 
comparison  with  the  authentic  thermogram  for  LiK.  The  effect  at  310°  crust 
therefore  correspond  to  simultaneous  decomposition  of  ana  LiMgK^.  If  this 
interpretation  is  correct  then  the  mixture  would  consist  of  33$  cf  LiH  and 
MgHg  in  admixture  with  LiKgK^ 

Plans  for  future  research  involve  more  definitive  B2A.-TGA.  studies  of  the 


presumed  LiMgH^,  KgHg,  LiH  mixture.  Attempts  will  be  made  to  prepare 
by  chemical  reduction  of  LiKgKe^. . 

LiMgM&3  +  3  A  LiAlHj.  ~  LiMEgHj  +  3/t  LiAlMfcj, 


Chemical  reduction  of  methyllithium,  dimttuyima guess,  um  adducts  represents 
a  versatile  approach  to  LiMgH^  since  reduction  can  be  attempted  in  e  variety  of 
ether  solvents  sna  at  a  variety  of  reaction  temperatures.  A  logical  approach 
involves  reduction  of  1:1  molar  mixtures  of  cetnyllithium  and  dimethylmaor.es  ium 

5 

at  low  temperatures  in  THF  solvent,  since  detailed  spectral  measurements  indicate 


(9)  L.  ME.  Seitz  and  B.  F.  Little,  J.  Organometall.  Chen. ,  18,  277  (I9&9/* 


predominant  formation  of  LiKgMe^  under  these  conditions-  Complex  equilibria 
between  higher  order  methyUithiua,  d inethyina gr.es iua  adducts  and  dimethyl- 
magnesium  exist  at  higher  temperatures  in  THF  or  in  weaker  ether  solvents,  Chesiea 
reduction  of  these  mixtures  is  predicted  to  form  a  variety  of  complex  hydrides 


in  admixture  with  KgHg: 


4  -  te  X&U  * 

c  4  c 

!6i5  work  will  logically  be  exieaa*d  to  jjsel^te  ehaeieai  rsfcietio&s  of 
j,i=;h-  r  order  aetfcyil ithl  os .  iiue ii*> lEtyocsiu*  adducts  =.rrfer  oSsSHioss  ¥t»iofc  : 

*r-  kr  *r.  favor  for**tios  of  tries*  dousls,  . 

^•wW 1  t5-  ««*  “  UC^K  ’  '-*%  <8> 

n  -  p  asi  1  :  j;  -  : 

Th-  ^coditioe*  wtiA  ware  foaeriF to  fc»w  *b  isflMesce  os  tit  e^oiiibris  oetwe«s 
ss^vUiaii*,  dae%i»gBMiiia  a^cts  is  solution  are;  zl\  tie  litH* 

srd  sagne*‘ios  eiar  ratio,  2)  the  best  strength  of  tbs  eapleyes  *ed 

1}  the  te^»ntd3  of  the  solot  ioo.  -  ' 
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Table  I.  X-Ray  Pattern  Data 


kh 

m2 

KMgH3 

3-30 

V.S 

3.19  vs 

4.003  VW 

2 ,86 

S 

2.76  vw 

3.137  Ww 

2.02 

s 

2.495  vs 

2.835  vs 

2.80  M 

I.7f 

2.29  M 

2.3II  M 

2.29  M 

1.43 

M 

1.59S 

2.607  S 

1-99' vs 

1.65 

M 

1.67  s 

1.794  VW 

I.31 

M 

1,50  M_ 

1.639  s 

1.625  M 

1.23 

^  M 

1.42  W 

1.420  M 

1.408  M 

1.17 

M 

1.36  W 

1.268  M 

1.259  W 

1.10 

M 

1.335  w 

1.184  m 

1.201  S 

1.01 

y 

1.246  W 

1.158  W 

1.150  W 

1^50  W 

1.122  VW 

1.125  w 

X-ray  powder  i'ifcfraction  data  were  obtained  using  a  Phillips 
Noreleo  X-ray  Unit-,  using  an  11.46  era.  diameter  camera  with  Ni- 
filtered  CuK^ridiation.  tine  intensities  were  estimated  vi -.tally. 


Table  II.  X-Ray  Powder  -Pattern  Data 
NaH  NaMgF,10  NaMgH,  and  MgH0 


(Mixture) 


:  t 

d 

I 

d 

I 

2.83  S 

3.83 

M 

3.85 

VW. 

2.44  s 

__ 

1.73  S 

2.71 

M 

3.16* 

VW 

li>47  s 

2.30 

w 

3-00 

w 

1.4l  M 

2.23 

w 

2.83 

vvw 

1.22  M 

2.20 

VW 

2.75 

vs 

1.12  M 

1.92 

VS 

* 

2.50 

w 

1.09  M 

1.58 

VW 

2.26 

w 

0.939  M 

1*  55 

W 

1.92  ' 

w 

0.863  W 

f.35 

VW 

1.67* 

w 

0.825  M 

1.56 

M 

0.813  M 

- 

1.35* 

w 

7  _ 

1.21* 

w 

: 

1.11 

w 

1.03 

w 

^  -  _ 

Lines  due  to  MgHg  (See  Table  I). 


(10)  E.  Chao,  Et.  Al.,  The  American  Minerologist,  16,  3 79  ( 19»'  1 


Direct  Preparation  of  Aminoalanes 


R.  A.  Kovar  and  E.  C.  Ashby 


Abstract 


Detailed  studies  of  the  synthesis  'of  aminoalanes  by  the  direct  reaction 
of  aluminum,  hydrogen,  and  secondary  amines  are  reported.  The  reaction  was 
studied  most  thoroughly  with  diethylamine.  Tris-  and  bis ( diethylamine )alanes 
could  be  prepared  in  high  yield  depending  on  the  reaction  conditions  and  on 
the  initial  amine  to  aluminum  molar  ratio.  Reaction  of  aluminum  and  diethyl  - 
amine  in  molar  ratios  ranging  from  1:1  to  2:1  at  150°  afforded  high  yields  of 
bis(diethylamino)alane  (HAltNfCgH^glg).  Low  yields  of  diethylaminoalane 
(HgftlNCCgjHjJg)  were  generated:  in  admixture  with:  bis(diethylamino)alane  when  the 

reaction  temperature  was  lowered,  the  maximum;  yield  of  diethyleroinoalane  was 

> 

found  to  be  at  65’.  \ 

The  study  was  extended  to  include  the  reaction  of  dimethyl*,  di-i -propyl, 
and  di-phenylamine,  pyrrolidine,  and  piperidine  with  excess  aluminum  ana  hydrogens 
As  with  diethylamine,  predominant  formation  of  the  b is (d ia lkyla mino )a la ne  was 
observed  with  diraethylamine,  piperidine  and  pyrrolidine.  No  reactions  were 
observed  with  di-i-propyl-  and  di-phenylaaine. 

Predominant  formation  of  bis(dialkylamino)alanes  in  preference  to  dialkyi- 
aminoalanes  is  attributed  to  greater  thermodynamic  stability  of  the  former 
compounds.  This  was  verified  by  detailed  studies  of  the  thermal  pyrolysis  of 
the  dialkylarainoalanes.  DTA-TGA,  neat  sealed  tube  and  solution  pyrolysis  studies 
indicate  the  following  decomposition  reaction: 


2  H?\1NR2  -  HA1(NR2)2  +  kl4r  +  3/2  Hgt 


Proton  magnetic  and  infrared  spectral  measurements  of  the  aminoa lanes 
are  reported  and  interpreted  to  yield-  valuable  analytical  and  structural 
information. 

Introduction 

Aminoalane  compounds  (K^^AlCNR^)^,  n  =  1,  2)  are  used  as  polymerization 

1  2  3 

catalysts,-  reducing  agents,  and  as  synthetic  intermediates,  however  more 

(1)  S.  A.  SNAM,  Belgian  Patent  6^,h06t  April  15,  1965* 

(2)  S.  Cesca,  M.  Santoslasi,  W.  Marconi,  and  N.  Palladino,  Anna!,  di 
Chimica  (Rome),  SS  (1965)* 

(3)  Hi  Roth  and  E.  Wiberg,  Fortschr.  Chem.  Forsch. ,  8  323  (1967). 

widespread  use  of  these  compounds  is  limited  by  the  inconvenience  of  preparation 
and  high  cost  of  these  reagents.  Until  now  aminoalanes  have  been  prepared  by  the 
reaction  of  (l)  alane^  or  trimethylamine  alane^  with  secondary  amines  (eq.  l)  and 

(4)  E.  Wiberg  and  A i  May,  Z.  Haturforshung.  BIO,  23^  (1955)- 

(5)  W.  Marconi,  A.  Mazzei,  F.  Bonati,  and  M.  de  Maids,  Gazze.  Chim.  Ital. , 
92  1062  (1962). 

/T  : 

(2)  lithium  aluminum  hydride  and  dialkylamraonium  chlorides0  (eq.  2). 

(6)  John  K.  Ruff,  0.  Am.  Chem.  Soc.,  83  2835  (1961).  : 

AlH^  +  nHNR2  -  nHg  +  H^AlO®^  n  =  1,  2,  and  3  (l) 

-  LiCl  +  2  Hg  +  HgAiURg 


LiAl\  +  RgNHgCl 


(2) 


r  t 
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We  wish  "to  report  in  full' 


our  findings  concerning  the  direct  preparation 


(7)  A  preliminary  report  concerning  this  study  is  in  press  in  J.  Organometall, 
Chem.  '  ~ 

of  aminoalanes  by  the  reaction  of  aluminum,  secondary  amines  and  hydrogen  under 

mild  conditions.  This  route  to  aminoalanes  was  predicted  on  the  basis  of  earlier 

8 

studies  of  the  direct  preparation  of  triethylenediamine  alane  by  the  reaction 


(8)  E.  C.  Ashby,  J.  Am.  Chem.  Soc. ,  8 6>  1882  (1964). 


of  the  tertiary  amine,  aluminum,  and  hydrogen  under  mild  conditions. 


A1  +1^!T  +  3/2  Hg  -  H^ltH^T 


(3) 


The  reaction  of  a  secondary  amine,  aluminum,  and  hydrogen  was  predicted  to 
follow  an  analogous  path  involving  intermediate  formation  of  AlH^  followed  by 
ccmpleiation  of  the  secondary  amine  to  form  AlH^  iKR^I.  Since  secondary  amine- 
alanes  are  unstable  and  lose  hydrogen  well  below  room  temperature,  the  dialkylr 
aminoalahes  are  the  first  products  which,  were  r-redicted.  In  the  presence  of 
additional  secondary  amine  the  dia Iky laminoa lane  was  predicted  to  react  and 
form  the  bis(dialkylamino)alanes  and  in  presence  of  additional  dialkylamine,  the 
tris(dialkylamino)alane. . 


A1  +  R„ 


-  A1H3 


HNR, 


E2HH 


A2i^  *  SRgH  HgAlMRg  HAl(NR2)2  Al(l®2)3 


(4) 


Experimental 


Equipment  and  Materials.  -  Manipulation  of  air  sensitive  materials  was  accomplished 

g,  -  - 

by  use  of  standard  bench  top  techniques  or  employment  of  a  dry  box  equipped 

(9)  D.  F-  Schriver,  "The  Manipulation,  of  Air  Sensitive  Compounds.”  McGraw- 
Hill  Booh  Company,  New  York,  If.  Y.  1969* 

10 

wish  an  atmosphere  purification  system  for  removal  of  oxygen  and  moisture. 


(iOl  T.  L.  Brown,  D.  W.  Dickerhoof ,  D.  A.  Bafus,  aha  G.  L.  Morgan,  Rev. 

'  tlnstri.  33,  ^91  (1962). 

Infrared  spectral  measurements  were  obtained  using  a  Perkin  Elmer  621  Automatic 
Grating  Spectrophotometer.  Samples  were  prepared  for  analysis  in  the  dry  box. 
Spectra  cf  liquid  samples  were  obtained  from  analysis  of  the  neat  material  between 
KBr  salt  plates  vhi3.e  spectra  of  solid  samples  were  obtained  as  the  Nnjel  mull. 
Proton  magnetic  resonance  spectra  were  obtained  using  a  Varian  A -50  magnetic 
resonance  instrument  using  the  solvent  signal  (benzene)  as  internal  standard. 

Hydrogenation  reactions  were  performed  using  a  300  ml.  Msgnodri-e 
Autoclave  Unit  (Autoclave  Engineers,  Inc.).  The  chamber  was  usually  charged  in 
the  dry  box.  The  contents  were  then  heated  under  hydrogen  for  a  predetermined 
period  of  time.  After  sufficient  cooling  the  chamber  was  vented  and  soluble  -  - 
products  filtered  from  excess  unreacted  aluminum  in  the  dry  box. 

Eencene,  used  as  the  solvent  in  the  hydrogenation  reactions ,  was  purchased 
from  Fisher  Chemical  Co.  (Certified  ACS  Grade)  and  distilled  from  prior 

t:  use.  Dimethylamins  (anhydrous)  was  purchased  from  the  Jfetheson  Ccrprrstion 
and  nos-ed  through  a  KCH  drying  tube  prior  to  use.  Diethyl-,  di-i -propyl-,  - 


diphenylaraine,  piperidine,  and  pyrrolidine  were  purchased  from  Eastman 
Chemical  Co.  The  liquid  dialkyls mines  were  either  distilled  from  anhydrous 
KOH  or  distilled  onto  active  molecular  sieve  Type  4 -A  prior  to  use.  Diphenyl- 
amine  was  used  without  further  purification.  Aluminum  powder  (6 00  mesh)  was 
obtained  from  the  Alcan  Aluminum  Corporation.  Aluminum  was  "activated"  prior 
to  use  by  the  Ziegler  activation  process.  Ultra  Pure  hydrogen  (99*9995$)  was 

(11)  E.  Cj  Ashby,  Gi  J.,  Braudel  and  H.  E.  Redman,  Inorg.  Chem. ,  2,  499  (1963). 

obtained  from  the  Matbeson  Corp.  and  used  without  further  purification. 

Analyses.  -  Aminoalanes  are  readily  hydrolyzed  by  water  and  dilute  acids.  Analyses  ; 
were  performed  by  hydrolyzing  a  tared  sample  with  a  water-acid  mixture  and 
determination  of  the  hydrogen  -ontent  by  gas  evolution  analysis.  Aluminum  in 
the  same  sample  was  determined  by  EDTA  titration.  Amines  were  determined  by 
potentiometric  titration  of  tUf  solution  obtained  on  hydrolysis  of  a  tared  sample 
after  removal  of  the  Al(GH)^. 

Direct  Preparation  of  Al(NEt^)^.  -  Aluminum  (2.7  gr  or  0.1  mol.)  and  diethylamine 
(100  ml.)  were  stirred  and  heated  at  150*  under  3000  psig  hydrogen  for  4  hr. 

Removal  of  solvent  (after  filtration  to  remove  traces  of  unreacted  aluminum  metal) 
under  vacuum  gave  21  gr.  or;  91$  yield  ofAlOffit^)^  (Rctn.  8,  Table  l).  Anal. 

Calc,  for  AlCHEt^)^ :  Al,  11.1}  amine,  88.9.  Found:  Al,  12.8;  amine,  8?»6. 

Infrared  spectral  analysis  (Nujol  mull)  was  identical  to  th°t  of  the  authentic 
complex  prepared  by  the  reaction  of  trimethylamine  alane  in  boiling  diethylamine. 
Direct  Preparation  of  HAl(NEt^)^. 

A.  From  Equal  Molar  Quantities  of  Aluminum  and  Diethylamine.  -  Aluminum 


-  •  38  : 

(2-7  gr.  or  0.10  mol.),  diethylamine  (10  ml.  or  0.10  mol.)  and  benzene  (100  ml.) 
were  stirred  and  heated,  at  150°  under  UCOO  psig  hydrogen  for  3  hr.  Vacuum 
distillation  of  solvent  (after  filtration  in  the  dry  box  to  remove  traces  of 
unreacted  aluminum)  gave  15.8  gr.  or  92$  yield  of  HAl(HEi2)2  (Rctn.  X,  Table  l). 
Anal.  Calc,  for  HAlCNEt^:  Al,  15*7;  amine,  83.8;  H,  0.582*  Found r  Al,  16.0; 
amine,.  8^.4;  H,  0.612.  The  infrared  spectrum  of  this  material  (neat  between  KBr 
plates)  was  identical  to  that  of  the  authentic  material  prepared  from  unequivocal 
synthesis  (vide  infra). 

B.  From  Excess  Aluminum  and  Dleth'/lamine.  -  Aluminum  (5  gr.  or  0. 185  mol. ) 
dicthylamine  (10  ml.  or  0.10  mol.)  and  benzene  (100  ml.)  were  stirred  and  heated 
under  4000  psig  H0  at  I5O0  for  3  hr  (Rctn.  2,  Table  I).  The  mixture  was  allowed  - 
to  cool  and  filtered  in  the  dry  box  to  remove  excess  unreacted  aluminum.  The 
solution  was  made  up  to  a  known  volume  and  analyzed.  The  hydrogen,  aluminum, 
and  nitrogen  ratio  was  found  to  be  0.98:1.0:1195.  The  infrared  spectrum  of  the 
solute  (obtained  by  removal  of  solvent  under  vacuum)  was  identical  to  that  of 
authentic  HAl(HEt2)2.  The  yield  was  -98$* 

Direct  Preparation  of  K,Al(NEtJ  in  admixture  with  HAl(NEt„L.  -  The  reaction  wes 
run  exactly  as  in  B.  above  except  that  the  reaction  temperature  was  lowered  to 
65°  and  reaction  nime  extended  to  2k  hr  (Rctn.  6 ,  Table  l).  Analysis  of  the 
solution  after  filtration  gave  a  hydrogen  and  aluminum,  ratio  of  I.15  to  1.00, 
indicating  a  low  yield  of  H/lCfiEtg)  in  admixture  with  Yields  (based 

on  this  analysis)  were  H^AlNEtg  15$,  HAl(MEt)  79$»  The  proton  magnetic  resonance 
spectrum  of  this  mixture  in  benzene  solution  had  signals  which  were  consistent  with 
a  simple  physical  mixture  of  mono-  and  bis{diethylamino)aianes  (Table  V). 
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Direct  Preparation  of  Bis(piperidir.o)alane  and  (piperidino)alane.  *  Aluminum 
(5  gr. ) ,  piperidine  (0.10  mol.)  and  benzene  (100  ml.)  were  stirred  at  110*  under 
4000  psig  hydrogen  for  20  hr  (Retn  5,  Table  II).  A  solid  (9*1  gr.)  product 
Was  isolated  after  filtration  and  removal  jof  solvent  under  vacuum.  Analysis  of 
this  solid  revealed  a  hydrogen  and  aluminum  ratio  of  1. 1:1.0  indicating  predominant 
formation  of  the  b i s ( d ia Iky la m ino) a la ne .  A  small  amount  (0.4  gr.  yield  =  3*9 jO 
of  was  sublimed  when  this  product  was  heated  at  65°  and  1  ran.  The 

remainder  of  the  product  (8.7  gr)  was  found  to  be  HAl(NC^H10)2  (89jt  yield).  Anal. 
Calc,  for  H^AlNCj-H^:  H,  1.8;  Ai,  23. 9;  amine,  74.3*  Found:  H,  1.6.,  Al,  21.9; 
amine,  77* >3v  Calc,  for  HAICHC^H^q)^:  H,  C.5I;  Ai,  13.8;  amine.  85a  7-  Found: 

H,  0.53;  Al,  13.8;  amine,  85.7*  Proton  magnetic  resonance  spectra  of  these 
products  in  benzene  solution  and  infrared  spectra  of  the  solids  were  found  to 
be  identical  with  those  of  the  corresponding  aminoalane  prepared  by  unequivocal 
synthesis.. 

Direct  Preparation  of  HAlClWe^)^.  -  Aluminum  (5  gr. )  and  benzene  (100  ml.)  were 
transferred  into  the  autoclave  chamber.  Dimethyls mine  (0.10  mol.)  was  vapor 
transferred  into  ’he  chamber  coded  in  a  dry  ice  acetone  slurry.  These  reagents 
were  heated  at  150"  under  3000  psig:  hydrogen  for  four  hours  (Rctn.  1,  Table  II). 
Solid  product  was  isolated  by  filtration  end  removal  of  solvent  under  vacuum. 
Analysis  of  this  solid  gave  a  hydrogen  to  aluminum  ratio  of  1.0:1. 0  indicating 
formation  of  the  bis (dimethylaaino)a lane.  Anal.  Calc,  for  HAi(NMe2)2:  H,  0.863; 
Al.  23-2?  amine,  75*9*  Found :  K,  0.93;  Al,  24.6;  amine  (by  difference)  74*9* 

Yield  was  10. 5  gr.  or  9^« 

Direct-  Preparation  of  KA1(NC>[Hq)„.  -  Aluminum  (5  gr.),  pyrrolidine  (0.10  mol. ), 
and  benzene  (100  ml.)  were  stirred  and  heated  at  150°  under  40000  psig  hydrogen 


fur  12  hr-  (Retn.  6,  Table  Tl).  The  product  was  isolated  by  filtration  ana  removal 
of  solvent  under  vacuum.  Yield  was  8.7  gr  or  89j6.  Anal,  for  HAlCNC^Hg}^: 

Calc.  AI,  16.1,  amine,  87.4;  H,  O.59 6.  Found:  Al,  15*0;  amine,  84.3;  H,  0.70. 

Unequivocal  Synthesis  of  Aainoalane  Compounds.  -  pialkylaminc-  and  bis^ 

( -lialky-lamino Jalanes  were  prepared  by  the  reaction  of  trimethylamine  alane  and  one 

5  :  - 

,.,r  two  equivalents  of  an  appropriate  secondary  amine,  in  benzene  solution.'  'Hie 
solutions  were  usually  heated  at  reflux  for  2  hr.  after  initial  mixing. cf  the 
reagents.  Products  were  isolated  by  removing  the  solvent  under  vacuum*  These 
compounds  were  analyzed  for  hydrogen  and  aluminum  and  the  experimental  values 
were  found  to  agree  with  the  calculated  values  to  within  5^  in  all  cases.  The 
following  compounds  were  synthesized:.  H^lHEtg,  HAl(llBt^)^,  HgAlNC^H^.,  HAICNC^H^q),,, 
H  r4lNC4H8,  HA1(NC4H8)2,  IfgMH(i-Pr2),  iftl(h(,i-Pr)2)2. 

Tris(dimethylamino.)alane  was  prepared  by  the  reaction  of  trimetfcylamine 
j'.ane  in  benzene  solution  with  excess  dimethylaraine.  (Dimethyls mine  was  allowed 
t\>  bubble  through  the  stirred  a lane  solution  at  room  temperature  until  liberation 
of  hydrogen  at-  the  gas  dispersion  frit  was  observed  to  cease).  Attempts- to 
1  repare  tris(diethylamino)alane  by  the:  reaction  of  equimolar  mixtures  of  cis- 
(diethylamino)alane  and  diethylamine  by  refluxing  these  reagents  in  benzene 
3_l.A2.on  for  aa  long  as  12  hr.  failed  as  evidenced  by  the  fact  that  hydridie 
hydrogen  ^as  always  found  in  solution.  The  reaction  could  be  forced. to 
wmplei  ion  by  the  reaction  of  b  i  s  (d  iethyla  mino  )  a  lane  in  diefcfaylaoir.e  fer  12  hr. 
ai  reflux  temperature.  Tris(piperidinp)alane  was  prepared  in  ar.  analogous  way 
the  reaction  of  trimethylanine  a  lane  and  —10  fold  excess  piperidine  in  benzene. 
p.ralysia  Studies  of  Aainoalane  Compounds.  - 

A)  Pyrolysis  of  H^AlNC^H^  in  Refluxing  Toluene.  -  Piper  ( t.C8  gr. 


or  9*6  maol. )  was  dissolved  in  30  ml.  toluene  and  heated  at  reflux.  misjuot 
sables  (2*0  ml.,)  were  withdrawn  at  appropriate  intervals  with  a  syringe. 

Toluene  was  removed  under  vacuum  and  the  solid  thus  obtained  dissolve a  in  0.5  ml* 
benzene,  (toluene  had  to  be  removed  since  methyl  resonance  of  toluene  was  found 
to  interfere  in  the  proton  magnetic  resonance  study)  and  proton  magnetic  resonance 
spectra  of  the  samples  recorded.  These  spectral  data  are  shown  in  Figure  I.  The 
spectral  changes  were  complete  after  heating  for  8.5  days.  After  this  period 
of  heating  the  aluminum  andr  hydrogen  ratio  was  found  to  be  1.0  to  1.1,  A  dark 
grey,  metallic  precipitate  (presumed  to  he  aluminum),  formed  during  this  period* 

B)  PIKA-TGA  Analysis  ofAmlnoa  lanes.  -  The  thermal  behavior  of  H^AiIiR  .  and 

HA1(NR2)2  compounds  (l®2  =  BEtg,  HC^,  JK^Hg)  was  studied  by  simultaneous 
differential  thermal  and  thermal  gravimetric  analysis  of  these  compoiuids  using 
tattler  Ihermoanalyzer  XI  instrumentation.  Samples  were  leaded  into  tered  platinum 
crucibles  in  the  dry  box.  These  were  subjected  to  pyrolysis  on  the  LTR-T'JA 
instrument. under  a  steady  flew  of  argon*  Representative  thermal  data  obtained 
from  analysis  of  and  Ml(*C^H^0)2  are  shown  in  Figure  il.  The  bulk  of 

the  thermal  properties  are  summarised  in  Table  m. 

C)  Pyrolysis- of  RAU6U  Compounds  in  Evacuated,  Sealed  Tubes.  -  Piperidino- 
aiene  (0.1247  gr.  or  1*107  mmol.  )  was  sealed  in  an  evacuated  break  seal  bulb  of 
approximately  20  ml.  volume.  The  entire  assembly  was  submerged  into  a  5€ 0*0  oil  bath  : 
for  15  minutes  and  allowed  to  cool.  The  tube  was  attached  to  5  vacuum  sanifoia  by 
means  of  an  ’’O’*  ring  gasket  seal  and  hydrogen  (0.755  *  •>!.)  determined  by  gas  evolu¬ 
tion  analysis  after  opening  the  tree  .  seal  with  a  magnet.  Rerid-ai  ecu  Id  was 
dissolved  -in  benzene  and  the  proton  magnetic  resonance  spectres  cf  the  ra.-.ulfcing  ; 
solution  vac  recorded.  This  spectrum  was  found  to  ce  identical  to  tu~*  cf  authentic  ri 


*2 

(piPtridinaJslane.  (Figure  IU).  : 

Hydrogen  (1*1  ■  sol. }  was  isolated  in  an  analogous  experlaen*  ly  heating 
-i i ot hy i * ai noe la ne  (0.1531  gras  or  X«5l6  *  sol.)  at  ISO*  for  15  sisutes.  A  »rt 
,  ivy  sttalile  precipitate  (assiafea  to  fee  «l*In‘»)  forsed  during  e*  :-n  cf  tt-re 
t  yrolycfe?. 

.Results  and  Siscusgjsre 

The  react ioc  of  ilaBiaat  *cd  fcyurogen  mss  studied  in  *>st  detail,  witfe 
iicthylsaine  and  the  results  are  suMarized  is  Table  I.  Bis(diet*^is*ico)»l»ne 

[Place  fable  I  here.  ] 

■as  the  only  cospound  fayed  when  efsinlait  quantities  of  sliaies  %ui  iie’tyl- 
sftfne  were  bested  under  iqfdrogcn  pressure  for  3  hr.  (Ree'tior  I  -  fable  l).  _ 
fhe  .product  from  ibis  reaction  wss  isolated  and  analyzed  successfully  for 
lal(St0).  Tfce  proton  aagaetic  resonance  spectra*  (in  teEtse)  sni  infrarsd 
spcctri*  were  identical  to  spectra  of  the  analogous  product  prepared  by  oe}iwc*i 
synthesis.  -a 

2  *,  *  2  A1  ♦  t  MEtg  -  2  BRl(Kt2)2  +  3  8,  \5> 

Efforts  to  prepare  dletfeyianinoaiaae  by  increasing  ifee  tlsbis  tc  iUUs/asia 
wc.ar  ratio  (Reaction  2)  tod  extending  reaction  tines  (Reactions  3*  *,  ess  ?’  were 
largely  unsuccessful.  Tbe  iqrdro ge&  and  a  lari  re  at  ratio  in  tat  rroi.;‘i  vfc»iiSci 
-jseis  .matiosi  was  always  siA^rtiy  bister  than  tally  s  u-iy  yield 

ii  t&e  tiethyiaainoalsne.  (fields  ranged  fron  1  tc  9f)*  ffeese  result;  i&itats 

the  reset-ion  of  aluntlnwa,  hydrogen  sad  bi<{diet!^l«^ ‘l  ls=.e  i:  1*  uieisyl- 
■^ainoelane  does  not  occur  to  any  appreciable  extent  at  V?  *. 


Table  I.  Reactions  of  Aluminum,  Hydrogen,  and  Dieihylamine  in  JBenzene  Solvent 


—  -  “  ~ 

:  > 

-  _  Al  +  3/2  R2 

+  nOET>2NH) 

h3. 

+  nH2 

n  -  1, 

2,  and  3 

^  k 

Ret 

Molar  Ratio 
^A;t:  Amine 

(h2-p) 

Time  hr. 

Temp. 

: 

Products  and  Yields 

-'1 

1:1 

4ooo 

3 

150 

KAl(NEt2)2 

92 

/  2 

Excess  Al  _ 

40C0  ; 

:  3 

'  150 

Hffl(NEt2)2 

98 

-  3 

Excess  A1 

JOOO 

7  f 

150 

HAl(NEt?)2 

86 

: 

; 

HgAl'NE^) 

9 

:  4 

Excels  Al 

3000 

j6 

150 

HAl(?JBt2)2„ 

91 

i 

- 

f 

HgAKNEtg) 

1  4 

5 

Excess  Al 

3000 

28: 

150 

HAl(NEt2)2 

90 

-v 

-  -  : 

- 

H^Al(NEt2) 

3 

6 

Excess  Al 

4000 

24 

65 

HAl(NEt2)2  - 

V.-  73 

* 

-  _  ■ 

HgA  JZt2 

15 

“  :7 

1:4 

3000 

3 

150 

HAl(HEt2)2 

5 

- 

Al(NEt2)3 

88 

■-  8 

Excess  Amine 
(Amine  solvent) 

r  3000 

4 

150 

Al(NEt2)3 

91 

150° 

S  A1  +  3  Hg  +  4  HAl(NEtg)g  //->  4  HgAlNEtg 
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(6) 


Reaction  at  65°  produced  a  material  which  revealed  a  hydrogen  to  aluminum  ratio 
of  l.!:1.0  indicating  overall  yields  of  bis (diethylamino)a lane  and  diethylamino- 
alane  in  the  ratio  78:15-  "These  data  suggest  that  HAl(NEtg)g  is  thermodynamically 
more  stable  than  HgAlNEtg  and  thus  the  former  compound  is  produced  in  high  yield 
under  conditions  predicted  to  form  either  HgAINEt  or  HAl(:NEtg)g.  This  was  : 
verified  by  pyrolysis  studies  of  diethylaminoalane  (vide  infra).  ; 

It  is  interesting  to  note  that  even  at  an  aluminum  to  amine  ratio  of  1:4 
some  (%)  HAl(-NEtg)g  remained  in  admixture  with  Al(,NEtg)^;  however,  the  latter 
compound  was  produced  in  high  yield  (91$)  when  diethylamine  was  used  as  the 
solvent..  These  results  suggest  that  forcing  conditions  are  Required  to  prepare 
tris(dialkylamino)alanes,,  due  piesumably  to  steric  crowding  in  the  product.  This 
conclusion  was  substantiated  by  our  attempts  to  prepare  .AlfNEtg)^  by  the  reaction 
of  equivalent  molar  quantities  of  HAl(NEtg)g  and  diethylamine  in  benzene  solution. 

The  replacement  of  all  hydridic  hydrogen  was  incomplete  even  after  refluxing  for 
12  hr.  The  reaction  could  only  be  forced  to  completion  by  using  diethylamine  as 
the  solvent  and  refluxing  for  12  hr. 

The  most  encouraging  results  observed  in  the  reaction  of  aluminum,  hydrogen,  and 
diethylamine  were  obtained  in  the  reaction  of  excess  aluminum  with  diethylamine. 

The  conditions  for  preparation  of  HAl(NEtg)g  in  high  yield  were  extended  to  the 
reaction  of  aluminum  and  other  secondary  amines.  A  variety  of  amines  were  chosen 
based  on  their  relative  base  strengths  as  determined  by  both  electronic  and  steric 
factors.  These  included  dimethyl-,  ai-i-propyl-  and  diphenylamine,  piperidine  and 
pyrrolidine.  The  results  of  these  experimef’%  are  summarized  in  Table  IX. 

[\Rcsce  Table  II  here.  ] 


Table  II.  Reactions  of  Excess  Aluminum,  Hydrogen  and 
Selected  Dialkylamines  in  Benzene  Solvent 


Al  +  3/2  H0  +  R2NH 

Rctn  # 

Molar  Ratio 
Al:Amine 

Amine 

P(H2) 

Rctn. 

Time 

(hr.) 

Rctn. 

Temp. 

°C 

Products  and 

Yield 

1 

1.5:1 

(Excess  Al) 

HRMe2 

3000 

4 

150 

HAi(Nffe2)., 

91  - 

2 

ft 

II 

4000 

20 

110 

HAX(NMe  ),. 

7- 

HgAKNMe.,) 

18 

3 

It 

It 

4ooo 

20 

60 

No  Reaction 

K 

St 

piperidine 

4000 

5 

180 

h/1nc5h,0  : 

0.9 

- 

hai(nc5hi0)2 

5 

ft 

ft 

4000 

20 

110 

H2AlK05HiO 

3-5 

. 

hai(nc5i1,0)2 

89 

6  . 

It 

pyrrolidine 

4000 

12 

150 

kai(nc4h6)2 

88 

* 7 

It 

HN(i-PrL 

C. 

4ooo 

4 

110 

No  Reaction 

a 

It 

hn."0)2 

3000 

4 

150 

No  Reaction 

As  was  the  case  with  Jethylamine,  predominant  formation  of  the  bis- 
(diaikylamiuo)alane  was  observed  by  reaction  of  aluminum  in  excess  with  dimethyl- 
amine  (Reaction  1),  piperidine  (Reaction  t),  and  pyrrolidine  (Reaction  6).  Low 
yields  of  the  dialkylaminoalane  were  observed  when  these  reactions  were  rim  at 
lower  temperature  (Reactions  2,  '5).  Kc  reaction  was  observed  in  attempts  to 
prepare  Hgfi.lNMe?  at  60°  (React ice  3). 

No  reaction  was  observed  when  the  secondary  amine  was  di-i-propylamine 
or  dip'nenylaraine,  indicating  that  the  base  strength  of  the  secondary  amine  is 
an  important  factor  in  the  direct  preparation  reaction.  Either  All^  is  not 
generated  by  the  reaction  of  aluminum  and  hydrogen  in  the  presence  of  weak  second¬ 
ary  amines  or  A1H-,  is  generated  but  the  reaction  with  these  secondary  amines  is 

J  --  : 

not  sufficiently  fast-  to  compete  with  the  thermal  autodecoraposjtion  of  the  AlH^. 
Thermal  Properties  of  Aminoalane  .Compounds.  -  The  direct  preparation  study  suggests 
that  bis(dialkylamino)alanes  are  thermodynamically  more  stable  then  the  correspond¬ 
ing  aialkylaminoa lanes  and  thus  the  former  compounds  are  formed  preferentially 
at  these  reaction  temperatures. :  We  sought  to  obtain  independent  verification  of 

these  observations,  little  information  is  available  concerning  the  thermal 

h. 

stabilities  cf  aminoa  lanes.  Wiberg  reported  that  dialkylsminoalanes  decompose 
upon  heating  above  their  melting  points  with  precipitation  of  dark  flakes.  No 


details  -oncerning  this  pyrolysis  were  reported  and  the  exact,  products  of 
decomposition  are  unknown.  NctnJ  suggested  that  expected  decomposition  products 
might  include  AI,  HAl(NR2)g,  or  Ax(;®0):?,  etc„  t)n  the  other  hand,  it  is  known 
•-hat  the  corre^xonding  bis  ( di a  lkv  nu no )a 1*  ne  c  are  quite  stable  th  rmaily.  Thus, 
it  tea  been  reported  t.hat  bis  (dime thylamino)  -  am  bi s  ( ai-i-prcp  .rla.'iiino)a lane  can 
be  heatea  unacr  normal  pre;sure  with  refluxing,  without  decomrt  it.on.^ 


The  the r nial  decomposition  of  dialky lominoa lanes  has  been  studied  by 
quantitative  determination  pi’  pyrolysis  products  under  exact  pyrolysis  conditions. 

The  pyrolysis  of  piper idinoa lane  was  studied  most  thoroughly  since  this  compound 
can  be  separated  easily  from  possible  decomposition  products  by  sublimation. 

In  addition,  spectroscopic  properties  of  this  compound  and  predicted  decomposition 
products  are  unique  and  can  in  fact  be  used  to  follow  the  pyrolysis  reaction-.  It 
was  hoped  that  results  obtained  from  study  of  this  system  could  be  extended  to 
describe  pyrolysis  of  otter  dialkylarainoalanes. 

In  one  pyrolysis  experiment ,  piperidinoalane  was  heated  at  reflux  in 
toluene.  Aliquot  samples  were  withdrawn  at  appropriate  intervals  and  the  solvent 
removed  under  vacuum,  replaced;  by  benzene,  and  the  proton  magnetic  resonance 
spectrum  of  the  benzene  solution  recorded.  These  data  are  summarized  in  Figure  I. 
The  initial  (T  =  0}  spectrum  of  piperidinoalane  is  changed  considerably  by 
heating  at  110°  for  2.5  days.  Ihe  hydride  signal  of  this  compound  at  5.?6  T 
is  broadened  considerably  and  a  new  signal  (triplet  at  6. 30  t)  appears.  The 
pyrolysis  was  continued  by  refluxing  for  longer  periods.  After  6.5  days  the 
signal  due  the  hydriaic  proton  was  no  longer  present  and  the  signal  at  6- 80  r 
was  more  intense.  After  heating  at  HQ*  for  6.5  days  the  area  of  the  signal 
at  6.b0  r  was  found  to  ce  equal  to  che  area  of  the  signal,  at  7.10  r  and  the  spectrum 
av  this  point  is  identical  to  that  of  kic-:(p  iperidino ) ala ne  (see  Figure  III).  These 
spectral  data  were  found  to  be  insensitive  to  further  healing.  The  aluminum  and 
hydrogen  ratio  was  ae  remaned  for  an  aliquot  and  found  to  be  1:1.  A  grey 
precipitate  (acuiur.-u  robe  aluminum)  'ormed  during  this  pyrolytic.  This  spectral 
study  of  the  sminoaiinc  tiec-ompc- men  is  qualitative,  but  does  suggest  that  the 
soluble  specie-,  f-.nr.ca "is  tiF^pirei-idinc)- lane  and  that  the  pyrciysia  reaction 
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stops  with  formation  of  this  species.  We  propose  the  following  pyrolysis 
reaction  to  account  for  these  data:. 

2  H2A1NC5H1C  -  HA1(NC5H10)2  +  3/2  +  Ai*  (7) 

Attempts  were  made  to  obtain  quantitative  characterization  of  this  conver¬ 
sion  by  employing  simultaneous  gravimetric  and  differential  thermal  analysis- 
DTA-TGA  thermal  data  obtained  for  mono-  and  bis(piperidinc)alane  are  shown  in 
Figure  II.  Piperidinoalane  exhibited  3  endothermic  effects  at  60,  195  and  310*. 

The  first  is  assigned  to  melting  and  corresponds  to  the  reported  melting  point  of 
58°.  The  effect  at  200  is  tentatively  assigned  to  conversion  to  the  bis(piperidino) 
a lane,  aluminum  and  hydrogen;  however,  the  weight  less  at  this  point  was  always 
found  to  be  greater  (by  — 505&)  than  that  predicted  on  the  basis  of  the  proposed 
pyrolysis  reaction.  Some  material,  however,  was  always  found  to  "blow"  out  of 
the  crucible  and  observed  to  collect  on  the  Inner  surface  of  the  furnace  assenbly. 

It  was  found  that  this  extraneous  weight  loss  could  be  diminished  by  using  a 
crucible  cover  and  heating  at  a  slower  irate,  but  it  could  never  be  stopped 
completely.  The  last  endotherm  (300® )  is  assigned  to  decomposition  of  bis- 
(piperidino)alane.  This  assignment  is  verified  by  the  thermogram  obtained  for 
bis(piperidino)alane  vhi'h  exhibited.  In  addition  to  endothermic  melting  at  390*, 
a  similar  decomposition  endotherm  at  330®.  The  exact  nature  of  this  decomposition 
is  unknown. 

A  sealed  tube  pyrolysis  experiment  was  performed  in  order  to  pin  down  the 
endothermic  transition  at  200°.  Hydrogen  (0*755  ®  mol. )  was  obtained  when 
piperidinoalane  (1.10  m  mol.)  was  heated  at  2CO°  for  15  minutes  in  a  stu'ed  tube. 


This  is  90^  of  the  calculated  amount  based  on  equation  7*  The  proton  magnetic 
resonance  spectrum  of  the  benzene  soluble  pyro lysate  was  found  to  be  identical 
with  that  of  authentic  bis(piperidino)alane.  These  data  are  taken  as  verification 
of  the  proposed  (equation  7)  pyrolysis. 

The  conversion  of  dialky laminoalanes  to  the  corresponding  bis(dialkylamino) 
alane  (equation  7)  appears  to  be  a  perfectly  general  reaction  as  evidenced  by 
our  IhA-TGA  studies  of  the  pyrolysis  of  diethylamino-  and  pyrrolidinoalane 
(Table  III). 

[Place  Table  III  here. 3 

The  DTA  trace  of  diethylaminoa la r.e  showed  thermal  effects  at  30,  180,  and  240“ 
(Table  III).  These  effects  are  assigned  to  melting  of  the  starting  material, 
therm  1  decomposition  according  to  equation  7,  and  decomposition  of  bis(diethyl- 
amino)alane  respectively.  Verification  of  the  assignment  of  the  effect  occurring 
at  240°  was  obtained  from  LTA-TGA.  analysis  of  bis(diethylamino)alane  which  showed 
a  similar  endotherm  at  240°.  The;  weight;  loss  accompanying  the  effect  occurring 
ch  18C°  was  always  greater  than  that  predicted  on  the  basis  of  equation  7*  This 
is  due  to  extraneous  weight  loss  due  to  excessive  "bumping”  of  the  material.  This 
could  be  diminished  but  not  stopped  by  heating  at  a  slower  rate  with  a  crucible 
cover.  Quantitative  characterization  of  this-  reaction  was  obtained  by  heating 
diethylasinoalane  in  an  evacuated,  sealed  tube  at  ISC'9  followed  by  analysis 
for  hydrogen.  Hydrogen  (C.9^5  »  sol. )  was  obtained  from  1.52  a  mol.  of 
diethylaminoa  lane  tinder  thest  conditions.  This  is  $Cf$>  of  the  calculated 
amount  based  on  equation  7.  Pyrrolidinoalane  decomposes  in  an  analogous 
fashion.  Three  er.dothermi  i-effeets  (Table  III)  a»,  9C,  150,  and  305*  C  were 
observed.  These  are  assigned  to  multi of  the  reagent,  decomposition 


Table  III. 

Compound 

Thermal  Properties  of  Aminos lanes  as  Determined 

By  DTA-TGA  Analysis. 

Temp,  of  ; 

DTA  effect 

(endotherm)  ‘  Assignment 

30 

melting 

180 

formation  of  HAl(NEtg)2  +.A1  Hg 

2k0:  - 

decom.  of  HAl(fJEt0)2 

HAl(!IEfc2)2 

240 

decom.  of  HA.i(Hfet0)2 

H^lSC^Hg 

90 

melting 

150 

formation  of  HAl(HC^Hg)2  +  A1  + 

305 

decom.  of  HAlOffyHg) 

HAl(HCtHg)2 

300 

decom.  cf  HAl(jffyl Iq)2 

V1NC5H10 

60 

melting 

:  '  . 

195 

formation  ofiftl(NC,-Hi0)2,  A1  and  H2 . 

310 

decoa.  of  HA1(NC^H10)2 

hm(kc5h-0)2 

ICO 

melting 

decom.  of  KA1(NC5H10)2 


310 
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according  to  equation  7,  and  decomposition  of  bis(pyrroiidino)alane  respectively. 

B  is  (  pyrrol  id  i  no )  a  la  no  exhibited  b.  similar  recomposition  endothenn  at  300°C. 

These  pyrolyses  confirm  conclusions  based  on  our  studies  of  the  direct 
preparation  a£  aminoalanes  and  in  particular  on  our  inability  to  prepare  the 
dialKylaminoa lanes  in  high  yield.  Dialkylaminoalanes  have  bean  shown  to  decompose 
according  xo  reaction  7  slowly  by  refluxing  in  hydrocarbon  solvent  and  rapidly 
by  heating  the  nest  material  at  the  decomposition  temperature. 

The  exact  nature  of  the  thermal  decomposition  of  bis(dialjtylamino)&lanes 
could  not  be  determined  by  these  DTA.-TGA.  studies  due  to  bumping  in  the  crucible 
at  the  decomposition  temperatures-  This  could  not  be  stopped  by  beating  at 
slow  rates  with  a  crucible  cover.  Possible  modes  of  decomposition  include 
1)  formation  of  the  corresponding  trzs  (  d  ia  Iky  la  mino )  a  la  ne ,  aluminum  and  hydrogen 
(equation  8)  or  2)  olefin  elimination  and  formation  of  the  corresponding  alazine, 
and  alltyl&jaire  (equation  9)- 

3  ffil(®2)2  -  2  A1(SR2)3  +  Ai4r  +  3/2  (8) 

H 

5-»i(sCcs^c^t)2)d  -  +  3  8^8  +  6  cs2»c-st  (9) 

Reaction  3  is  sn  extension  cf  the  process  observed  in  reaction  7  while  reaction 
9  is  predicted  on  the  basis  of  reports  concerning  the  pyrolysis  of  bls(dialkyi~ 
amino )bcra nes,.  The  latter  studies  indicated  that  pyrolysis  of  bis(dislkylamino)- 


(12)  H.  Steinberg  and  E-  J.  Eroiherton,  ” Organoboron.  Chemistry,"  John  Wiley 
and  Sons,  Hew  York,  If-  Y-,  Volume  II  (l9tr)  p.  4^- 


boranes  result  in  the  formation  of  the  corresponding  borazine  and  mono 
a  Iky  la  mine.  These  reactions  were  not  characterized  quantitatively  however.- 
Additional  work  is  required  in  order  to  characterize  the  bis(dialkylamino)alane 
pyrolysis.  These  studies  would  most  logically  involve  DTA-TGA  studies  (in  a 
hermetically  sealed  crucible)  and  sealed  tube  pyrolyses  followed  by  quantitative 
determination  of  reaction  products  (using  a  vacuum  line  manifold  to  separate 
and  analyze  volatile  components). 

Spectroscopic  Studies  of  Amino  Alanes  -  Asinoalar.es  form  self -associated  species 

in  hydrocarbon  solution.  Pialkylasinoa lanes  are  triaeric  in  benzene  while 

corresponding  bis(dialkylaasino)alanes  are  mainly  dimeric'  (Table  5).  Lesser 

association  in  the  latter  compounds  is  undoubtedly  a  result  of  (l)  greeter  steric 

crowding  in  the  more  highly  substituted  alone-  derivatives  and  ('<?)  lessening  of 

aluminum  acidity  as  a  result  of  altsi  luas-nitro-ren  bonding.  Iris  (dime  thy  la  mi  no) 

a  lane  is  the  only  known  tris-asinoaxane  which  is  associated  in  benzene,  that 

being  as  a  dicer.  Aminos  lanes  could  conceivably  associate  with  forvmtiOQ  of 

3B4,  or  H  bridges;  the  latter  is  iffprcbabie  since  dimerization  through  coordl- 

netively  bonded  amino  groups  is  favored  over  an  Al-H-Al  three-centered  bridge 

bond.  The  most  logics!  structures  for  the  snino  alanes  cosed  on  these  general 

considerations  are  Structures  I,  II  snd  III  (Page  53).  In  addition,  these 

structures  are  consistent  with  those  which  were  desoscizaied  for  hooolocous 
13  -  it 

asinoboranes  and  proposed  for  alkoxy  alanes  or.  the  basis  cf  X-ray,  Jar, 


(15)  L-  M-  Trefcsas  cr.u  W.  S.  Ups  reed: ,  J.  As.  Chen.  Sec.,  81,  1435  (1959). 
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infrared  and  dipole  no*ent  studies. 

-  The  expected  range  for  the  Ai-H  stretching  vibration’1''  is  1500-1900  a a**, 

(15)  H.  K.  Alpatovs,  I.  W,  3yaov3,  Yu.  M-  Eess ler,  and  Cm.  k.  Osipov, 

Russ,  Chea.  Eev.  t  0  (1968). 

with  £  bridging  hydride  showing  a  relatively  broad  band  around  160C  cm~\  Aft 
increase  in  coordination  on  the  aliasings  atoe  nonasiiy  shifts  the  Al-K  bands  to 
s seller  wave  nuabers .  Substitution  of  hydride  hydrogen  atoas  by  e iectrooegi tire 
substituents  strengthen*  the  Al-H  boss  as  a  consequence  of  inductive  effects. 

The  Al-H  stretching  valence  Titration  for  the  disUylastnoa lanes  (neat  or 
in  solution)  occurs  at  <4^0  st*  {Table  TY). 

(Place  liable  I?  here.]  .  : 

B*5  Al-H  deformation  frequencies  ranged  fro*  125  to  735  <*  The  position  of 
these  bands  suggests  a  four -valent  aluminum  with  hydrogen  atoms  beaded  in  tasft—  l 
positions,  ist  support  of  the  amino  bridged  structure  (l).  !be  proton  ragnetic 
resonance  spectral  data  also  arc  in  support  of  this  structure-  The  dislkylasi&o- 
aleces  exhibited  only  one  kind  of  hydridlc  %droges  end  d ialkylaairjo  environment 
(Table  Y).  The  proton  magnetic  resonance  spectrum  of  piperidine*  lane  is  shows 

(Place  Table  Y  here.  3 

in  Figure  HI.  The  signals  at  5.7?  (  si. -girt  >  7*15  (triplet)  and  S.?3  T  (wultSpIet) 
of  relative  intensities  l*i:2.X;3»2  sre  assigned  to  b/dridic  hydrogen,  bridging 
nitroges  ot,  aethylesa  and  s-serisposliiou  of  bridging  nitrogen  S  and  y  methylene 
respectively.  It  occurred  to  us  that  the  hydride  resonance  appears  at  an 
abnormally  lew  chemical  shift  for  a  sale  gre  c  seta's  hydride;  however,  the 


Table  IV, 


Infrared  Spectral  Data  of  Aminoalanes 
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riAi(NC-H8)2 

1824 

6*95 

HgAiKG^H10 

3828 

hai(nc5h10)2 

1825 

:  688 

56 
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(16)  E.  G.  Hoffmann,  2.  Anal.  Chea. ,  170,  ITT  (1959)* 

6.3  and  5.8  r  respectively.  Proton  magnetic  resonance  spectra  of  the  remaining 

dialkylaminoa  lanes  (Table;  V)  are  also  consistent  with  structure  I,  although  a 

hydride  resonance  was  not  observed  for  all  of  these.  This  is  attributed  to  o 
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result  of  the  relatively  large  electric  quadrupoie  moment  of  A!  and  coupling 
with  the  unsymmetrical  field- 

The  Al-H  stretching  frequencies  of  the  bis(dialkylamino)alenes  (neat  or 
in,  solution)  occur  in  the  range  1822  to  1830  cm”1  (Table  IV).  These  are  again 
indicative  of  four  coordinate  aluminum  atoms  vith  hydrogen  bonded  in  t<  rminal 
positions,  in  accord  with  structure  II.  The  proton  magnetic  resonance  spec}  ra 
of  the  bis(dialkylaaino)alancs  showed  only  one  hydridic  environment  (wh*n  this 
could  be  observed)  and  two  nonequivalent  dialky  la  mino  environments  of  equal 
intensity.  These  data  are  also  consistent  with  structure  Ho  Specifically, 
bis(diaetkylaalno)alane  exhibited  proton  signals  at  6.17,  ?.19y  and  7*67  T  of 
relative  areas  1.6;6.C:6.0  (Figure  IV).  These  are  assigned  to  hydridic  hydrogen, 
terminal,  and  bridging  dimethylamino  environments  respectively.  The  dimethyl- 
amino  resonances  were  assigned  by  reference  to  the  spectrum  of  dimeric  t-ris- 
( d i methyls  mino ) a  la ne  (Figure  IV)  in  benzene  which  shews  terminal  arid  bridging 
amino  signals  at  7*23  and  7*51  T  respectively  (relative  area  ratios  2.0:1.0 
respectively).  The  spectral  assignment  for  bis(piperidino)alane  is  a  bit  more 
complex  owing  to  the  presence  of  fi  and  y  methylene  in  addition  to  a  nitrogen 
methylene  environments.  The  spectrum  of  this  compound  in  benzene  solution 


and  HjAUfffe^  were  found  to  exhibit  hydride  signals  at 


consisted  of  signals  at  6.80  (triplet),  ?.10  (triplet)  ana  8.43  r  (complex 
rrult  plet)  of  relative  areas  1.0:leC:3.0  respectively  (Figure  HI).  These  are 
assigned  to  terminal  nitrogen  a  methylene,  bridging  nitrogen  a  methylene  and 
superinposition  of  both  terminal  and  bridging  nitrogen  £  and  y  methylene  protons 
respectively.  Resonance  of  the  hyriridic  proton  vas  not  observed.  These  data 
indicate  that  bridging  and  terminal  dialkyl? piino  nonequivaienee  (of  structure  II) 
is  experienced  most  drastically  by  methylene  groups  bonded  a  to  the  nitrogen 
sna  less  by  methylene  groups  bo;?ded  0  and  y. 

The  proton  aagnetie  resonance  spectrum  of  bis  (diethylasinoja  lane  vas  the 
most  complex  and  requires  detailed  explanation  (Figure  V).  The  spectris  is 
consistent  with  a  disser  of  structure  II  but  is  complicated  by  fortuitous  overlap 
of  bridging  and  terminal  nitrogen  methylene  quartets  and  methyl  triplets^  Two 
fairly  distinct  methylene  quartets  of  approximately  equal  area  are  resolved; 
however,  the  signals  for  the  methyl  groups  appear  as  a  1:4:4:1  quartet;.  This  is 
assigned  to  overlapping  of  both  the  central  and  high  field  components  of  one 
methyl  triplet,  with  the  central  and  low  field  components  of  the  other.  A  1:4:4:1 
quartet  is  predicted  if  the  two  triplet  signals  which  overlap  are  each  present 
in  equal  intensity. 

In  summary  this  work  provides  a  reasonably  detailed  study  of  the  direct 
synthesis  of  a&inoalan&  compounds  'ey  the  reaction  xyC  aluminum,  hydrogen  and 
secondary  amines.  Although  bis  ana  tr is (dialky la mino)alanes  were  synthesized 
in  high  yields,  dialkylaainoa lanes  could  be  prepared  only  in  sexiest  yield  due 
to  the  theme  1  instability  of  these  compounds. 

Spectroscopic  data  (infrared  arid  proton  nmr)  were  compiled  for  these  com¬ 
pounds  and  used  tc  (l)  character!: reaction  products  (2)  monitor  pyrolysis 
reactions  and  (3)  provide  structural  information. 


Figure  I.  Proton  Magnetic  Resonance  Spectral  Study  of  the  Pyrolysis  of 


H^AISC^H^  in  Boiling  Toluene.  Spectra  vere  recorded  in  benzene  solution: 

A,  t  ss  o  spectrus  of  piperidinoalane;  B,  speetruc  obtained  after  heating  for 
2.5  days;  C,  after  heating  for  6.5  days;  J),  after  heating  for  8.5  days. 


Figaw  II.  mh-TQk  tr sees  of  &rA  FAlCnCyl,,*;--  $  sti  E  are 

LCA  and  TO*  traces  for  H^IKC^K^  *sssple  sis*-*  5>-£  M  gr.)  respectively; 
£cl  3  ore  BGA  and  TGA  tra res  for  (55-7  ^  E2"* )  respectively. 
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Figure  III.  'Representative?  Pitji.iv. 


1.'£*  ') 


bi8<piperidino)alane  in  Bom; 
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Figure  IV.  Proton  Magnetic  Resonance  Spectra  of  bis-  and  tris(dimethyiamino) 
alane  in  Benzene  Solution. 


Figure  V.  Expanded  male  Proton  Magnetic  Resonance  Spectrum  of  Bis(diethylamino)- 
alane  in  Benzene  Solution:  A,  Methylene  Quartet  at  6.80  j;  B,  Methylene  Quartet 
at  6*93  r;  C,  Methyl  Triplet  at  8.77  t;  D,  Methyl  Triplet  at  8. 91  r- 


The  Direct  Synthesis  of  Aminoboranes 


Roger  A.  Kovar,  R.  Culbertson,  and  E.  C.  Ashby 


Abstract 


Detailed  studies  of  the  synthesis  of  aminoboranes  by  the  direct  reaction 
of  aluminum,  hydrogen,  diethylamine,  and  triphenylborate  under  mi: a  conditions 
are  reported.  The  exact  products  which  are  prepared  have  been  shown  to  be  a 
function  of  the  phenylborate-diethylamine  ratio  Tris(diethylamino)Dorane  (8l$) 
is  prepared  in  admixture  with  bis (diethylamino )borane  {%)  when  diethylamine  is 
used  as  solvent.  Bis(diethylamino)borane  is  prepared  exclusively  and  in  high 
yield  (80$)  by  aluminum-hydrogen  reduction  of  phenylborate  and  diethylamine  in 
a  molar  ratio  of  1:2  in  benzene  solvent.  Aluminum-hydrogen  reductions  of 
equivalent  molar  quantities  of  phenylborate  and  diethylamine  in  r-enzcr.a  did  not 
afford  high  yields  of  the  expected  diethylaminoborane.  Instead,  nearly  equivalent 
molar  quantities  -of  HB(0Fh)N2tg  ar.d  B(OPh)gNEtg  were  isolated.  Iras  reaction 
was  found  to  be  insensitive  to  changes  in  reaction  time  or  temperature.  The 
reaction  sequence  which  is  proposed  to  explain  formation  of  the  latter  products 
involves  (1)  intermediate  formation  of  AIR,  (equation  1) ,  (2)  reaction  between 
A'iRj  and  diethylamine  forming  the  more  thermodynamically  stable  t; s (dietny  la.nino) - 
eiane  (equation  2),  and  (3)  reduction  of  phenylborate  by  bis  (diet  n  ,-iamj  nojaiane 
(equation  3)- 


A1  +  3/2  H0  -  A1H3 


.i.K,  *  HNEt,.  -  AlhV  NEtgH  IL/llNEt0  —  HAifflist...  L 
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2  B(OPhV  +  HA.l(NEt-2)2  -  HB(0Ph)KEt2  +  B(QRi)2NEt2  +  Al(OPh)3  (3) 

This  sequence  was  verified  by  independent  studies  of  the  exchange  reaction 
between  bis(diethylamino)alane  and  1  and  2  equivalents  of  phenylborate. 


Introduction 

1  2 

The  use  of  aminoborane  compounds  as  catalysts,  reducing  agents,  and  as 


(1)  J.  Derning  and  R.  J.  Sampson,  Ger.  Pat.  1,118,200  (1961,  to  Imperial 
Chemical  Industries,  Lt. ).. 

(2)  B.  14.  Mikhailov  and  V.  A.  Dorakhov,  Proc.  Acad.,  Sci.  t  USSR;  Chem.  Sect 
(Eng.  Transl. ) ,  136,  51  (1961) . 


3 

synthetic  intermediates  has  been  reported,  however  more  widespread  use  of  these 


(3)  H.  Steinberg  and  R.  J.  Brotherton,  "Organoboron  Chemistry,"  John  Wiley 
and  Sons,  Inc.,  Rev  York,  N.  Y.,  Volume  2  (1966). 

compounds  is  limited  by  the  inconvenience  of  preparation  and  high  cost  of  these 

reagents.  Until  now  aminoboranes  have  been  prepared  by  the  reaction  of  diborane 

k 

with  secondary  amines  or  of  an  alkali  metal  borohydriae  with  a  dialkylammonium 

(4)  H.  Roth  and  E.  Beyer,  Chemische.  Ber.  93,  93£  (i960), 

5 

chloride. 


(5)  G.  W.  Schaeffer  and  E.  R.  Anderson,  J.  Am.  Chem,  Soc. ,  71,  21^3  (19^9) 


h2bnr2 


(h) 


B2H6  +  2  HNRg  -  2  H^BNRgH  — 


NaBH;,  +  R2KH2+C1‘  -  H^BiiRgH  +  NaCl  +  H2  HgBNR^  (5) 


We  wish  to  report  the  convenient  and  economical  synthesis  of  aminoboranes 
in  high  yield  by  aluminum-hydrogen  reduction  of  phenylborate  in  the  presence  of 
secondary  amines  at  moderate  temperature  and  pressure.  The  aluminum-hydrogen 
reducing  system  has  been  shown  to  function  successfully  in  the  reduction  of  boric 
oxide  to  diborane  in  40-50$  yield  at  750  atm.,  in  the  presence  of  aluminum 

g 

chloride0  (equation  6)  and  in  the  reduction  of  phenylborate  (in  the  presence  of 


(6)  T.  A;,  Ford,  G.  H.  Kalb,  A.  L.  McClelland  and  E.  L.  Mult-erties, 

Inorg.  Chem. ,  3,  1032  (1964). 

tertiary  amines)  to  form  amine  boranes  in  nearly  quantitative  yield  (equation  7)* 


(7)  E.  Ashby  and  Walter  E.  Foster,  J.  Am.  Chem.  Soc. ,  84  ,  3407  (1962). 


+  xB2°3  -  *¥%  +  6  A10x/2C13-x  (6) 

'  tt.  i/2  »2  +  HU  -  AI  -  KjEiJB,  +  Al(0Ph)3  (7) 


The  amine  boranes  easily  separated  from  the  by-product  triphenoxyaluroinum 

by  filtration,  tr i .henoxya luminura  being  insoluble  in  hydrocarbon  solvents.  This 
reaction  was  ^nought  to  proceed  through  the  intermediate  fori  at ion  of  AIK^ 
followed  by  reduction  of  the  phenylborate  to  "BE,"  and  the.,  reaction  of  ''"BiU" 
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with  the  tertiary  amine.  Reaction  of  aluminum,  hydrogen,  and  equal  molar 
mixu.  "es  of  phenylborate  and  secondary  amines  at  low  temperatures  was  predicted 
in  an  ana.  ago us  way  to  generate  the  secondary  amine  boranes  (these  are  stable 
only  at  low  temperature)  (equation  8)  while  reaction  of  phenylborate  and 


B(O0)3  +  A1  +  j/2  H2  +  HI©2 


100-150°  ^ 


If 

HjBMJRg  +  Ai(O0)3 


(8.) 


secondary  amines  in  1:1,  1:2  and  1:3  stoichiometry  at  high  temperatures  was 

8 

predicted  to  generate  the  aminoboranes  HnB(NR2)__n  (equation  9)»° 

(8)  R.  E.  McCoy  and  S.  H.  Bauer,  J.  Am.  Chem.  Soc. ,  ?8,  2061  (195 6). 


H 

h3bnr2 


h2bwr2 


hb(nr2)2 


b(hb2)3 


(9) 


Thus,  the  direct  synthesis  of  a  variety  of  amine  and  amino  borane  compounds 
appending  on  the  initial  stoichiometry  of  the  reactants  and  on  the  reaction 
temperature  were  predicted.  The  economics  of  these  processes  an  worthy  of  note 
since  the  raw  rrsterirTs  are  borax,  aluminum,  and  hydrogen.  The  final  products 
are  amine-  or  aminoboranes  and  triphenoxyaluminum  which  can  be  hydrolysed  in  the 
presence  of  sulfuric  acid  it  regenerate  r/nenol  and  form  alum  (hi  -SO.  )_ ).  The 
regenerated  phenol  can  then  react  with  borax  and  HgSOj,  to  form  phenyl  borate 
and  the  aluminum  values  are  utilized  as  alum,  a  seizing  material  usea  in  the 
paper  industry. 
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H  NR 

(HaO)3B  +  A1  +  H2  -n  3"n  >  H3BNHnR^_n  +  Al(OPh)3  (10) 


t 


Borax  +  HgSO^ 


-PhOH  +  A12(S04)3 
(alum; 


h2so4 


The  present  study  was  undertaken  to  establish  procedures  for  preparing 
exclusively,  in  high  yield,  each  of  the  predicted  reaction  products.  Description 
of  the  course  of  the  aluminum-hydrogen  phenylborate  reduction  was  of  additional 
interest  and  several  experiments  were  conducted  to  describe  the  reaction  sequence 
involved. 


Experimental 

Equipment  and  Materials.  -  Manipulation  of  air  sensitive  materials  was  accomplished 
by  use  of  standard  bench  top  techniques  and  dry  nitrogen  purge  or  a  dry  box 
equipped  with  atmosphere  purification  system  for  removal  of  oxygen  and  moisture. 
Infrared  spectral  measurements  were  obtained  using  a  Perkin  Elmer  62 1  Automatic 
Gracing  Spectrophotometer.  Samples  were  prepared  for  analysis  in  the  dry  box. 
Spectra  of  liquid  samples  were  obtained  from  analysis  of  the  neat  material  between 
KBr  salt  plates  while  spectra  of  solid  samples  were  obtained  as  the  Uujol  mull. 
Proton  magnetic  resonance  spectra  were  obtained  using  a  Varian  A-50  magnetic 
resonance  instriaaent  using  solvent  signals  (either  benzene  or  methyleneiichloride) 
as  internal  standard. 

Hydrogenation  reactions  were  performed  using  a  „  X>  ml.  Jfegnearive  Autoclave 
Unit  from  Autoclave  Engineers  Inc.  The  chamber  was  usually  charged  m  ire  ary  t-ox, 
and  contents  heated  with  stirring  under  hydrogen  for  a  predetermine:;  time.  After 


&9 

sufficient  cooling  the  chamber  was  vented  and  soluble  products  filtered  from 
excess  unreacted  aluminum  and  triphenoxyaluminum  in  the  dry  box. 

Benzene  used  as  the  solvent  in  the  hydrogenation  reactions  was  pure''  ^ed 
from  Fisher  Chemical  Co.  (Certified  ACS  Grade)  and  distilled,  from  NaAifT^  prior 
to  use.  Diethylamine  was  purchased  from  Eastman  Chemicals  and  distilled  onto 
active  molecular  sieve  type  4 -A.  Aluminum  powder  (600  mesh)  was-  obtained  from 

the  Alcan  Aluminum  Corp.  The  aluminum  was  "activated”  prior  to  use  by  the  Ziegler 

9  10 

activation  process.  Boric  acid  and  phenol,  used  to  prepare  phenylborate,  were 

(9)  E.  C.  Ashby,  G.  J.  Brendel  and  H.  E.  Redmon,  Inorg.  Ciiem. ,  2,  499  (1963) 
(10)  T.  Colclough,  W.  Gerrard,  and  M.  F.  Lappert,  J.  Chem.  Soc. ,  90?  (1955)* 

obtained  from  Fisher  Chemical  and  used  without  further  purification.  Ultra  Pore 
Hydrogen  (99*9995$)  was  obtained  from  the  Sfetheson  Corp.  and  used  without  further 
purification. 

]  i 

Analyses.  -  Aminoboranes  are  negatively  suable  toward  hydrolysis.*  Complete 


(31)  E.  Wibcrg,  A.  Bolz,  and  F.  Bucheit,  Z-  Anorg.  Allgem.  Chem.,  256, 
(If 43). 


nyiroivsis  was  effected  by  toiling  in  water  fv>r  extended  per ions  (several  hours). 
Kjcples  i'or  analysis  were  weighed  in  50 -ICO  ml.  flasks,  attached  co  a  distillation 
roivmv;,  zu  %  ml.  distilled  water  added.  The  mixtures  were  heater  r:  distill 
evolved  amine  and  vauer  into  a  receiver  kept  cold  with  a  xamr-i  slurry. 

in  the  distillate  was  determined  by  titrat  icr.  vim 
determined  by  standard  base  titration  of  the  roric  arir  mard  cl  -r.ut.y:. 


.1.  Bcron 

'i  >- 


(12)  R.  I-.  Ctrutrr.  and  V.  F.  Hawthorne,  Arm.  mm. , 


v 
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TO 


The  unsymmetrical  phenoxydiethylaminoborane  (HB(O0)NEt2)  was  analyzed  by  a 

modification  of  the  above  procedure.  Boron  was  separated  from  phenol  (after 

hydrolysis  and  removal  of  the  amine  by  distillation)  by  distillation  of  boron  as 

13 

the  methyl  borate  ester.  Boron  was  analyzed  in  the  distillate  as  described  above. 


(13)  H*  Steinberg,  "Organoboron  Chemistry,"  John  Wiley  and  Sons,  Inc., 

New  York,  N.  Y. ,  I,  38  (1964). 

Hydrogen  in  these  compounds  was  not  measured  analytically  owing  to  the 
difficulty  of  effecting  complete  hydrolysis  on  a  hydrogen  gas  liberation  manifold. 
The  presence  of  hydrogen  (or  absence)  was  determined  qualitatively  by  infrared 
spectral  techniques. 

Reactions:  Aluminum-Hydrogen  Reductions  of  Phenylborate 

A.  Direct  Preparation  of  HBfNEO^.  -  In  a  typical  experiment  phenylborate 
(30  gr.  or  0.1  mol.),  dlethylamine  (0.2  mol.),  aluminum  metal  (5  gr.  or  1.5  mol.), 
and  benzene  (100  ml.)  were  heated  at  l80°C  under  3000  psig  hydrogen  for  5  hr. 

Vacuum  distillation  (after  filtration  of  the  reaction  mixture  to  remove  unreacted 
aluminum  metal  and  triphenoxyaluminum  and  removal  of  benzene  solvent  under  vacuum) 
gave  a._.single  fraction  which  boiled  at  62°  and  15.0  mm.  Yield  was  13.3  gr  HB(NEt2)2 
or  35$.  Anal.  Calc,  for  HB(NEt2)2:  B,  6.94;  N  (as  amine),  92-5*  hound :  B,  6.82; 
N,  91.3.  Triphenoxyaluminum  (—  15  gram)  (determined  by  comparison  of  infrared 
spectral  data)  was  left  in  the  distillation  flask. 

B.  Direct  Preparation  of  B(KEt2)^.  -  Phenylborate  (0.1  mol.)  aluminum 
metal  (2.7  gr  or  0.1  mol.)  and  diethylamine  (as  solvent  100  ml.)  were  heated 

at  l80uC  under  3000  psig  hydrogen  for  24  hr.  Vacuum  distillation  (after  filtration 
arid  removal  of  solvent  under  vacuum)  gave  two  fractions.  Bls(diethyinmino)borane 


■  it  i "v3u  and  15  mm  (yield  1 9f>)  and  tris(diethylamino)boron  at  95°  and  .1.1  mm 
( 7'!$  yield).  Anal.  Calc,  for  BCNEtg)^ :  B,  6. 9^5  N  (as  amine),  92. 5*  Found: 
h,  o.QSl’j  N,  91*3. 

C,  Attempted  Direct  Preparation  of  H^B(NEt^).  -  Fhenylborate  (0. 1.  mol.), 
diethyl. amine  (0.1  mol. ),  aluminum  metal  (5  gr.  or  0.15  mol.),  and  benzene  (100  ml.) 
wi.  ro  heated  at  3  80°  under  3 000  psi  hydrogen  for  2  hr.  (equation  9,  ‘lab Its  !*)• 

VV.onum  distillation  (after  filtration  and  removal  of  solvent  under  vacuum)  gave 
two  fractions.  The  first  fraction  (HB(O0)NEt2)  distilled  at  90°  and  5  mm  while. 
the  second  fraction  (B(O0)  NEtg)  distilled  at  120°  and  0.5  mm.  Anal.  Calc, 
fur  HB(O0)NEt  :  B,  6.11;  N  (as  amine),  40.6.  Found:  B,  6.12,  N,  40.2.  Infrared 
peetral  analysis  indicated  both  aromatic,  N-alkyl,  and  active  hydride  environ¬ 
ments  (B-H  at  2^98  cm-1).  Proton  magnetic  resonance  spectroscopic  analysis 
(  i.i.  CIh,c:U)  showed  signals  at  2.87  T  (aromatic  Multiplet),  6.76  r  (Ethyl  methylene 

C.  C. 

.j  i.i.rtet)  .end  8.80  r  (Ethyl  methyl  triplet)  of  relative  areas  4. 7:4. 0:6.2  respec¬ 
tively.  Anal.  Calc,  for  B(O0)2NEt2:  B,  4.02,  N  (as  amine),  26.8.  Found:  B, 

3.82;  N,  25.6.  Infrared  spectral  analysis  indicated  the  absence  of  a  B-H 
f. t, retching  bond  and  the  presence  of  both  aromatic  and  N-alkyl  environments.  The 
ton  magnetic  resonance  spectrum  of  this  compound  in  CH^Clg  consisted  of  signals 
. !■  3,07  T  (aromatic  multiplet)  6.86  r  (Ethyl  methylene  quartet)  and  8.86  r 
(Ethyl  methyl  triplet)  of  relative  areas  10.0:3.7:6.2  respectively. 

Essentially  the  same  results  were  observed  when  the  reaction  time  was 
..xte-nied  to  U  and  24  hours  (Reactions  4  and  5,  Table  II)  with  the  exception  that 
in  ouch  case  a  small  quantity  (<  1%  yield)  of  H2B(NEt2)  was  vapor  transferred  (at 
und  0.25  mm)  into  a  Schlenk  tube  cooled  in  a  dry  ice  acetone  slurry  prior  to 
y  . • , , ■  irn  distillation  of  the  major  components  as  described  above.  Anal.  Pale,  for 
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H0B(NEt,2):  B,  12-72;  N  (as  amine),  8?. 3-  Found;  B,  12.8;  N,  88.2.  The 

infrared  spectrum  of  this  material  ( Nujol  mull)  was  identical  to  that  of 

H_B(NEt,_)  p‘  pared  by  unequivocal  synthesis  '(Vide  infra).  The  observed  melting 
2  e 

1^- 

point  cf  t4°  corresponds  to  the  literature  value  of  44°. 


(14)  H.  I.  Schlesinger,  H.  C.  Brown,  JI.  R.  Hoekstra,  ana  B.  R.  Rapp, 

J.  Am.  Chem.  Soc.,>  75,  19 9  (1953)? 

Aminoa lane -Phenylborate  exchange  reactions 

A.  Reaction  of  Equal  Molar  Quantities  of  Bis(diethylamino)alane  and 

Fnenylborate.  -  Phenylborate  (2.89  gr.  or  0.0100  mol.),  and  bis(diethylamino)- 

alane  (1.707  gr.  or  0.00995  mol.),  prepared  by  the  direct  reaction  of  aluminum, 

15 

hydrogen,  and  diethylamine  '  at  180°  were  weighed  and  mixed  in  the  dry  box. 

(15)  E.  C.  Ashby  and  R.  A.  Kovar,  (in  Press). 

Immediate  evolution  of  heat  was  noted;  accompanied  by  solution  of  the  phenylborate. 

The  infrared  spectrum  (neat)  was  recorded  and  showed  a  B-K  stretching  frequency 

at  2500  cm  1  and-  no  Al-H  stretching  bands.  Benzene  (25  ml* )  was  added  and  the 

reaction  mixture  stirred  at  55°  for  12  hr.  A  white  precipitate  (later  identified 

as  triphenoxyaluminum  by  comparison  of  infrared  spectral  data)  had  formed.  The 

mixture  wap  filtered,,  solvent  removed  under  vacuum  and  product  spears ted  by 

vacuum  distillation.  The  product  boiled  at  63°  and  15  mm  and  was  identified 

as  HB(hEt  )  by  comparison  of  infrared  spectral  data.  Yield  was  1.5  gr.  or 
2  2 

9c recovery  of  boron.  Some  -_.8  gr.  triphenoxyaluminum  remained  in  the 
distillation  flask. 
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amino) a lane.  -  Phenylborate  (y. 2  gr.  or  0.0318  mol.)  and  bir(diethylamino)alane 
(2.74  gr.  or  0.0159  mol)  -were  mixed  in  25  ml.  benzene.  Evolution,  of  heat  was 
noted.  The  mixture  was  stirred  for  12  hr.  at  55° •  White  solid  (later  identified 
as  triphenoxyalurcinum  by  infrared  spectral  comparison)  formed  during  this  period. 
The  solution  was  filtered  and  solvent  removed  under  vacuum.  Vacuum  distillation 
gave  two  products,  HB(O0)NEt2  at  90°  and  5  mm  (2.87  gr.  or  0.0162  mol.)  and 
■B(O0)gWEto  at  120°  and  0.5  mm  (2.69  gr  or  0.0101  mol.).  These  products  were 
identified  by  comparison  of  appropriate  infrared  spectral  data.  Some  triphenoxy- 
aluminum  remained  in  the  distillation  flask.  Triphenoxyaluminum  obtained  in 
both  the  filtration  ana  distillation  steps  was  combined  and  the  yield  found  to 
be  5*629  gr.  or  0.184  mol.  „ 

Unequivocal  synthesis  of  jL,3*NEt^.  -  Dibora ne,  generated  by  the  reactijn  of  KaAlH^ 

l6 

and  BF^  in  ether  was  passed  through  a  trap  cooled  in  a  dry-ice  acetone  slurry 

(16)  A.  Bi  Burg  and  C.  L.  Randolph,  J.  Am.  Chem.  Soc. ,  71?  34-51  (1949). 

and  allowed'  to  bubble  through  diethylamine  in  benzene.  Isolation  of  liquid 
H^B'NEtg  was  effected  by  removal  of  solvent  under  vacuum.  Anal.  Calc,  based 
-on  H^B’HNEt^:'  B,  12.4;  ,K  (as  amine),  84.  Found:  B,  12. 6;  N,  85^6. 

Infrared  spectral  analysis  revealed  N-H  and  B--H  stretching  frequencies  at  32o0 
and  2330  cm  x,  respectively. 

Unequivocal  synthesis  of  -  Diethylaminoborane  was  prepsrtcs.  by  pyrolyzing 

H^BHI'JEtg  ah  200°  for  4  hr.  The  crystalline  product  melted  at  44°  (literature^ 
value  44°)  and  showed  B-H  stretching  bands  at  2422  and  2358  cm  and  no  II.-H 
stretching  band. 
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Results  and  Discussion 

Pertinent  data  (reaction  conditions,  stoichiometries  of  reactants  and 
reaction  products')  concerning  aluminum-hydrogen  reduction  of  phenylborate  in 
the  presence  of  diethylamihe  are  summarized  in  Table  I.  Reference  to  this  table 
indicates-  that  attempts  to  prepare  BCNEtg)^  and  HB(NEt2)2  (reactions  1  and  2) 
respectively,  were  quite  successful.  In  this  connection  bis(diethylamino)borane 
was  prepared  exclusively  wnen  two  equivalents  of  diethylamine,  phenylborate, 
aluminum  and  hydrogen . were  allowed  to  react.  On  the  other  hand,  when  diethyl¬ 
amine  was  used  as  solvent,  tris(dietKylamino)borane  (Sl$)  was  generated  in 
admixture  with  bis (diethylamine )borane  (%). 

Attempts  to  prepare  diethylaminohorane  exclusively  and  in  high  yield  were 
not  successful.,  Product  analysis  of  reaction  3  revealed  the  formation  of  two 
compounds,  HB(G?h)NEt2  in  42$  yield  and  B(OHi)_HEtg  in  39$  yield.  Isolation  of 
these  products  indicates  incomplete  reduction  of  the  (B-OJ*i)  bonds  and  suggests 
that  aluminum-hydrogen  reduction  of  phenylborate  in  the  presence  of  equal  equiva¬ 
lents  of  diethylamine  involves  a.  stepwise  reduction  of  triphenylborate.  These 
results  suggest  that  additional  time  is  required  in  order  to  effect  complete 
reduction  necessary  for  preparation  of  In  this  connection,  reaction 

times  were  extended  to  4  and  24  hr.  (reactions  4  and  5)*:  A  low  yield  (<  1$) 
of  HpBIIEt^  was  isolated  in  each  of  these  reactions;  however,  the  major  products 
(and  respective  yields)  were  found  to  be  identical,  within  experimental  error, 
to  results  observed  when  the  reaction  time  was  2  hr.  The  same  products  were 
isolated  even  when  the  reaction  temperature  was  lowered  to  iCOu  (Reaction  t>). 

These  data  indicate  that  the  aluminum-hydrogen  reduction  reaction  is 
essentially  complete  after  the  first  two  hours  of  reaction  and  tnus  a  particular 
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reaction  sequence  is  suggested.  Incomplete  reduction  of  all  phenoxyboron 
bonds  suggests  that  (l)  the  active  reducing  agent  is  not  an  unlimited  quantity 
of  AlH^  (generated'  by  the  reaction  of  excess  A1  and  hydrogen)  since  AlH^  'would 
be  expected  to  reduce  phenylborate  to  BH^  (2)  the  active  reducing  agent  ( "Al-H 
species")  is  preseht  in  limited  quantity  and  functions  only  to  reduce  some  of 
the  phenylborate,  and  (3)  the  quantity  of  actual  reducing  agent  is  limited  by 
the  quantity  of  secondary  amine  present  initially. 

The  reaction  sequence  which  is  consistent  with  these  general  requirements 
and  which  we  propose  is  the  sequence  operative  in  these  reactions  involves  (l) 
one  intermediate  formation  of  AlH^  (by  the  reaction  of  aluminum  and  hydrogen 
(2)  reaction  of  AiH^  and  diethylamine  forming  the  more  thermodynamically  stable 
bis(diet.hylasnino)alane  and  (3)  reduction  of  phenylborate  by  the  aminoalane. 

The  exact  sequence  proposed  is  described  below. 


2  B(OPh)3  +  2  HNEtg  +  2  A1 


2  B(OFh)3  +  HAl(HSt2)2 


Step  IT: 


2  B(OPh)3  +  HAl(NEt2)2 


HB(OPh)NEt  +  B(0Ph)oIffit_  +  Al(OPh)„  (12) 
2  2  2  a 


Independent  verification  of  this  reaction  sequence  has  been  obtained,  tie  have 
15 

found  that  reaction  of  aluminum  (in  excess)^  hydro ren.  and  diethylamine  in 
benzene  solvent  results  in  predominant  formation  of  tr?  ’orresponding  bis(dialkyl 
amino) a lane. 

HHEt  HHEt„ 

A1  +  3/2  H2  — KjAiHEtgH  HgAlSE^  (-13) 


16 

Bis  (tlialkylatti.no )  a  la  nes  are  more  stable  thermally  than  the  corresponding 

dialky laminoalane  (H^1HR0)  and  thus,  the  former  compounds  are  formed  preferentially. 

The  reaction  of  alaries  in  -general  with  borate  esters  (Step  XI  of  the 
proposed  sequence)  has  been  studied,  in  some  detail  by  other  workers.  These 

17 

studies  provide  information  concerning  the  reduction  of  borates  with  alane, 

(17)  H-  Nbth  and  H.  Suchy,  Z.  Anorg.  Allg-  Chen).  356  (1-2),  19-6 ft  (2968). 

17  18 

alkoxyalanes,  1  and  alkali  metal  hydrides;  however,  the  reduction  of  borate 

(18)  H.  X.  Schlesinger  and  H.  C.  Brown,  et.  al. ,  J.  Am.  Chem.  Soe. ,  75, 

166  (1953). 

esters  with  aminoalanes  has  not  been  studied  in  any  detail.  We  attempted  to 
characterize  the  aminoalane  reduction  of  phenylborate  at  two  different  stoichiom¬ 
etries.  In  the  first  reaction,  equal  molar  quantities  of  bis(diethylamioo)alane 
and  phenylborate  were  allowed  to  react.  Isolation  of  bis(diethylamino)borane 
was  quantitative  indicating  the  following  overall  reaction: 

B(OPh)3  +  HAl(lffit2)2  -  HB(NEt2)2  +  Al(OPh).  (lk) 

i  Jf 

HB(0Ph)2  +  Al(l3Et2)OPh  ss'  HB(0R*-)Tfl3tg  +  Al(0Ph)2&Et2 

The  infrared  spectrum  of  the  neat  mixture  obtained  after  initial  mixing 
of  the  reagents  exhibited  a  B-H  stretching  frequency  at  2560  cm  1  and  no  Al-H 
stretching  frequency.  These  data  indicate  that  the  first  sxep  of  the  exchange, 
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transfer  of  hydrogen  from  aluminum  to  boron  occurs  rapidly-;  however,  the 
observation  that  triphenoxyaluminum  is  solubilized  in  benzene  (see  experimental 
section)  may  indicate  that  the  intermediates  actually  present  in  this  reaction 
are  mixed,  unsyriunetrical  amino-phenoxy  compounds..  Equilibrium  between  these 
species  allows  isolation  of  the  most  volatile  component  (rlB(NEt^)g) ,  and  forces 
the  reaction  to  completion.  These  results  indicate  that  aminoalanes  exchange 
both  hydrogen  and  secondary  amino  groups  v/ith  triphenylbora-te  when  the  aminoalane 
is  present  in  sufficient  quantity. 

The  reaction  of  phenylborate  and  a  half  molar  equivalent  of  bis(diethyl- 
amino)alane  was  studied  to  determine  whetner  the  incompletely  exchanged  boron 
species  HB(O0)fffit2  and  B(O0)2NEt2  could  be  isolated  when  the  aminoalane  is 
present  in  limiting  quantity.  Infrared  spectral  analysis  c-f  the  mixture  obtained 
after  initial  mixing  of  the  reagents  indicated  the  absence  of  an  Al-H  stretching 
frequency  and  the  presence  of  a  JB-H  stretching  band  at  25CO  cm"1.  Thus,  the  first 
step  of  the  exchange,  transfer  of  hydride  from  aluminum  to  boron,  occurs  rapidly. 
Isolation  of  HB(0Ph)NEt2,  B(0Ph)2NEt2,  and  Al(OPh)^  was  nearly  quantitative 
according  to  the  proposed  exchange  reactions  shown  below. 


2  B(OPh)3  +  HAl(NEt2)2  *  HB(0Ph)NEt2  +  BtOPhJgNEtg  +  Al(OPh)3  (15) 


1 


HB(0Ph)2  +  Al(KEtg)20Ph  +  B(OPh)3  ss  HB(0Ph)NEt2  +  Al(OPh)2NEt2  +  8(Qtfi) 


Apparent  solubilization  of  tr iphenoxya luminum  in  benzene  is  indicative  of  a 
complex  equilibria  involving  unsymmetrical,  incompletely  exchanged  species.  As 
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"before,  the  most  volatile  components  (in  this  case  HB(O0)NEtv,  and  B(O0)gNEt2) 
are  isolated  "by  vacuum  distillation  and  the  equilibrium  is  driven  in  one 
particular  direction. 

The  aminoalane-phenylborate  exchange  reactions  are  in  complete  agreement  „ 
with  our  observations  concerning  the  direct  reaction  of  equal  molar  mixtures  of 
triphenyiborate  and  diethylamine,  aluminum,  and  hydrogen  These  exchange  reactions 
successfully  account  for  f"*mation  of  the  exact  products  (with  analogous  % 
yields)  and  in  addition  provide  direct  explanation  of  the  apparent  solubilization 
of  triphenoxyaluminum  in  be;  sene.  These  reactions  provide  convincing  evidence 
that  reactions  of  equal  molar*  quantities  of  phenylborate  and  diethylamine  with 
aluminum  and  hydrogen  proceed  through  intermediate  formation  of  the  bis ( diethyl - 
amino)alane. 

It  should  also  be  emphasized  that  aluminum-hydrogen  reductions  of  phenyl¬ 
borate  in  the  presence  of  two  and  three  equivalents  of  diethylamine  could  also 
proceed  through  the  corresponding  aminoalane  intermediates  HAlfNEt^)  and 
AltNE-tg)^  respectively.  No  distinction  concerning  the  reaction  sequence  is 
possible  in  these  cases  since  ali  of  those  proposed  predict  formation  of  the 
observed  products. 

In  summary,  this  work  has  provided  an  in  depth  study  of  the  aluminum- 
hydrogen  reduction  of  phenylborate  in  admixture  with  various  stoichiometric 
amounts  of  diethylamine  under  varying  reaction  conditions.  Details  concerning 
the  direct  preparation  of  HB(NEtg)g  and  B(NEt„)g  in  high  yield  were  specified. 
Attempts  to  prepare  H2B(NEtg)  in  an  analogous  way  were  not  successful.  Detailed 
studies  of  the  reaction  of  aluminum  and  hydrogen  and  equivalent  mixtures  of 
diethylamine  and  phenylborate  have  shown  that  equal  molar  mixtures  of  HB(O0)NEt2 
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and  B(O0)^ffitg  result  rather  than  the  desired  HpBNEtg.  This  reaction  has 
teen  shown  to  proceed  through  intermediate  formation  of  the  bis(diethylamino)- 
alane  with  phenylborate,  followed  by  arSinoaiane  reduction  of  the  phenylborate. 

This  work  will  be  extended  to  include  a  description  of  the  reaction  of 
aluminum,  hydrogen,  phenylborate,  arid  two  equivalents  of  a  variety  of  secondary 
amines.  These  will  include  dimethyl-,  di-i-propy!-,  di-phenylamiu,  as  well  as 
piperidine  and  pyrrolidine.  The  reaction  of  dimethylamine,  pyrrolidine,  and 
piperidine  with  aluminum  and  hydrogen  (in  the  absence  of  phenylborafc*)  has  been 
shown  to  form  the  corresponding  bis (dialkylamino)a lane,  while  no  reactions  were 
observed  in  the  corresponding  reaction  with  di-i-propyl-  and  di-phenyia mine . 

Based  on  these  observations  we  predict  th3»;  aluminum-hydrogen  redactions  of 
phenylborate  in  the  presence  of  two  equivalents  of  a  secondary  amine  will  lead 
to  formation  of  the  bis ( d ia lkylamino:)bora ne  when  the  secondary  amine  is  dimethyl- 
amine,  pyrrolidine,  and  piperidine  but  may  lead  to  more  complex  results  when  the 
secondary  amine  is  di-i-propyl-  and  di-pheny lamina  since  phenylborate  reductions 
ir.  these  cases  may  not  proceed  through  intermediate  formation  of  the  corresponding 


iminoalane 


Table  I 


Direct  Preparation  of  Aminoboranes 


B(0?h)„  -r  HHEt  +  A1 

A  v 

YT  «/l»t  \ 

+  A1(0Hi)3 

n  v  2'3-R 

3jCOO  psi 

Reaction 

Ho. 

Initial 

Jtolar  Hatio 
B(O0)3:HKEt2 

Tise 

Hr. 

Tecp. 

°cf 

Product  ana  % 

Yield 

1 

I:® 

(aaine  solvent) 

24 

180 

B(!3t2)3 

HB(KSt?)2 

81 

5 

* 

2 

1:2 

5 

180 

HB(iiEt2)2 

85 

3* 

1:1 

2 

180 

H3(0?h):st2 

42 

r 

B{!2t2)(CFn)? 

39 

4 

1:1 

4 

180 

H0B(lSt0) 

<  1 

HB(CFn)(t.ii2; 

40 

B(tJEt2}(C?h)2 

35 

5 

1:1 

24 

180 

<  I 

KB(0Ph}l.lto 

38 

_ 

B(iiEtJ(OFh).. 

37 

6 

1:1 

24 

100 

HB(0Fh}I.Tt- 

32 

. 

B(lEu2)(0Pr/,2 

47 

ft 

Those  results  are  each  representative  of  three  runs 

under  the  specific? 

conditions. 
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LlAiHit  +  2  M«(C?H5)2  -  2  m2  +  LiAl(CgH5)u 

*  +  H2  2W°atm>  *H2 

The  pyrolysis  of  diethyl  magnesium  to  form  magnesium  hydride  (Eq.  1)  was 

2 

reported  by  Witerg  and  Bauer.  The  preparation  of  magnesium  hydride  from  lithium 


(2)  E.  Wiberg  and  R.  Bauer,  Z.  Naturforsch. ,  $b,  396  (1950). 
aluminum  hydride  and  diethyl  magnesium  (Eq.  2)  was  first  reported  by  Schlesinger 

"5 

et.  al.  They  found  that  the  preparation  of  pure  magnesium  hydride  depended  on 


(3)  G.  D.  Barbaras,  C.  Dillard,  A.  E.  Finholt,  T.  Warlik,  K.  E.  Wilzbach 
and  H.  I.  Schlesinger,  J.  Am.  Chem.  Soc. ,  73 ,  ^585  (1951)* 

V 

the  proportions  of  the  reactants,  the  order  of  addition  and  the  concentration  of 
the  solution.  However,  recent  work  in  this  laboratory  lias  shown  that  magnesium 
hydride  is  formed  regardless  of  the  order  of  addition  or  the  concentration  of  the 
solution. ^  ■  .  >■ 


(h)  E.  C.  Ashby  and  R.  G.  Beach,  unpublished  results. 

The  formation  of  magnesium  hydride  from  the  elements  (Eq.  3)  occurs  at 
570°  and  200'  atm.  with  magnesium  iodide  used  as  a  catalyst.  This  method  is 
obviously  an  economic  one  and  the  magnesium  hydride  prepared  by  this  method  is 
commercially  available.  Unfortunately  MgHp  prepared  from  the  elements  i3  quite 


(2) 

(3) 


unreactive  even  to  air  and  water.  On  the  other  hand, . magnesium  hydride  prepared 

1 

by  the  reactions  represented  by  equations  1  and  2  reacts  violently  with  water. 
Thus  the  methods  represented  by  equations  1  and  2  have  been  used  for  the 
preparation  of  MgHg  when  active  material  is  required. 

In  1951  Wiborg-*  reported  the  preparation  of  magnesium  hydride  by  the 

(5)  E.  Wiberg  and  R.  Bauer,  Z.  Naturforsch.  6b,  171  (1951)* 

reaction  of  lithium  hydride  and  magnesium  chloride  in  diethyl  ether.  He  also 
stated  that1' if  lithium  hydride  were  used  in  excess  that  a  complex  of  the  form 
LinM/?H2+n  might  bo  formed  although  it  could  have  been  a  physical  mixture  of  lith 
ium.  hydride  and  magnesium  hydride.  Very  few  details  were  given  in  this  report 
and  no  subsequent  report  ban  appeared. 

The  reaction  of  alkali  metal  hydrides  with  magnesium  halides  in  ether 
solvents  could  be  ■  a •*  more  convenient  and  economical  route  to  reactive  magnesium 
hydride  -than  the  methods  now  available,  especially  if  the  less  expensive  and 
commercially  available  NaH  was  found  to  react  with  magnesium  halide.  The  ideal 
situation  of  course  would  be  for  sodium  hydride  to  react  with  a  magnesium  halide 
that  is  soluble  in  some  solvent  +o  form  MgH^  which  is  insoluble  in  all  solvents 
and  the  by-product  sodium  halide  which  would  be  soluble  in  the  reaction  solvent. 

•—  k 

Thus  the  active  MgH  could  be  easily  isolated  in  a  pure  form  by  filtration.  We, 

therefore,  decided  to  explore  the  general  scope  and  utility  of  this  reaction  to 

produce  magnesium'  hydride  free  from  the  alkali  metal  halide  by-product.  We  also 

wished  to  determine  if  Li  MgH_,  j ~  formed  in  the  reaction  and  if  so  isolate  the 

n  J  2+n 

Best  Available  Copy 


compound . 


eh 


Experimental  Section 

Ml  operations  were  carried  out  either  in  a  nitrogen  filled  glove  "box 
equipped  with  a  recirculating  system  to  remove  oxygehiand  water^  or  on  the  bench 


(6)  T.  L.  Brown,  D,  W-  Diekcrhoof,  D.  A.  Bafus  and  G.  L.  Morgan,  Rev. 

Sc'l.  .Jnstium.  ,  33.,  ^91 -(1962'). 

using  typical  Sehlenk  tube  techniques.  All  glassware  was  flash  flamed  and 
flushed  with- nitrogen  prior  to  use. 

Instrumentation .  -  Infrared  spectra  were  obtained  using  a  Perkin  Elmer  model  621 
High  Resolution  Infrared  Spectrophotometer.  Cesium  Iodide  cells  were  used. 

Spectra  of  solids  were  obtained  in  nujol  which  had  been  dried  over  sodium  wire 
and  stored  in  a  dry  box, 

X-ray  powder  diffraction  patterns  were  run  using  a  Debye -Scherrer  camera 
of  Ilk. 6  mm  diameter  using  GuK  (1.5^0  \)  radiation  with  a  nickel  filter.  Single 
walled  capillaries  of  0. 5  mm  diameter  were  used,  These  were  filled  in  the  dry 
box  and  sealed  with  a  microburner. 

Reagents.  -  Tetrahydrofuran  and  diethyl  ether  (Fisher  Certified  Reagent)  were 
distilled  over  sodium  aluminum  hydride  and  lithium  aluminum. hydride,  respectively, 
immediately  before  use. 

Mercuric  halides  (Baker  Analyzed.)  were  dried  under  vacuum  and  used  without 
further  purification.  Triply  sublimed  magnesium  was  obtained  from  Dow  Chemical 
Co.  It  wds  washed  with  diethyl  ether  and  dried  under  vacuum  prior  to  use. 

Sodium  hydride  was  obtained  from  Alfa  Inorganics  as  a  57$  suspension  in 
mineral  oil.  Lithium  hydride  was  obtained  from  Alfa  Inorganics  as  a  dry  powder. 
t-Butyl  lithium  in  pentane  solution  was  obtained  from  Ecctc  Mineral  Co. 
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Analytical  Procedures.  -  Halogen  analysis  was  carried  out  by  the  Volhard  method. 
Magnesium  analysis  was  carried  put  by  titration  with  EDTA.  Hydridic  hydrogen 
analysis  was  carried  out  by  hydrolyzing  a  weighed  sample  of  the  compound  on  a 
high  vacuum  line  and  transferring  the  gas  to  a  calibrated  measuring  bulb  with  a 
Copier  pump  after  passing  the  gas  through  a  liquid  nitrogen  trap.  Lit'  jm 
analysis  was  carried  out  by  flame  photometry. 

Preparation  of  Magnesium  Halides  in  Diethyl  Ether  and  Tetrahydrofuran.  - 

7 

Magnesium  halides  in  ether  solvents  were  prepared  as  described  previously. 

(7)  E.  C.  Ashby,  R.  D.  Schwartz,  and  B.  D.  James,  Inorg.  Chem.,9,  325 

(1970). 

Preparation  of  Lithium  Hydride.  -  To  an  autoclave  (300  ml  chamber)  was 
added  150  ml  of  t-butyl  lithium  in  pentane.  The  autoclave  was  then  pressurized 
to  3000  psi  with  hydrogen  and  allowed  to  stir  overnight  at  room  temperature.  The 
resulting  solution  was  not  filtered  and  the  white  solid  obtained  was  never  allowed 
to  become  dry.  The  supernatant  liquid  showed  no  activity  and  analysis  of  the  solid 
as  a  slurry  in  pentane  gave  a  lithium  to  hydrogen  ratio  of  1.0: 1.0* 

Reaction  of  Lithium  Hydride  (Commercial)  with  Magnesium  Chloride  in 
Tetrahydrofuran.  -  To  50  ml  of  magnesium  chloride  in  THF  (0.3188  m)  va.s  added 
250  mg  lithium  hydride.  The  solution  was  allowed  to  suir  for  two  days  at  room 
temperature.  The  solution  was  then  filtered  and  the  analysis  of  the  filtrate 
gave  a  magnesium  to  chloride  ratio  of  1.0:1.97.- 

Reaction  of  Lithium  Hydride  (Commercial)  with  Magnesium  Bromide  in 
Tetrahydrof ura n .  -  To  25  ml  of  magnesium  bromide  in  tetrahydrofuran  (0. l43b  m) 
was  added  tO  mg  of  lithium  hydride.  The  solution  was  allowed  to  stir  for 
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two  days  at  room  temperature.  The  solution  was  then  filtered  and  the  analysis 

of  the  filtrate  gave  a  magnesium  to  bromide  ratio  of  1.0:2. OH. 

In  a  separate  experiment  the  lithium  hydrido  was  added  to  the  magnesium 

bromide  (in  excess)  and  the  resulting  solution  was  refluxed  for  wwo  days.  The 

solution  was  then  filtered  and  the  analysis  of  the  filtrate  gave  a  magnesium  to 

bromide  ratio  of  1.0:3-54.  The  infrared  spectrum  of  the  solid  showed  some  broad 

-1  -1 

bands  in  the  region  of  800  cm  -  600  cm  characteristic  of  magnesium  hydride* 
Reaction  of  Lithium  Hydride  (prepared  from  t -Butyl  Li)  and  Magnesium 
Chloride  in  Tetrahydrofuran.  -  To  25  ml  of  magnesium  chloride  in  THF  ('0.3258  m) 
was  added  20  ml  of  a  lithium  hydride  slurry  (0.8  m)  in  THF.  The  solution  was 
stirred  for  two  days  at  room  temperature.  The  solution  was  then  filtered  and 
the  analysis  of  the  filtrate  gave  a  magnesium  to  chloride  ratio  of  1.0:2.02. 
Analysis  of  the  solid  obtained  gave  a  H:Mg  ratio  of  1. 0:0.1.  The  X-rav  powder 
pattern  of  the  solid  showed  only  Dines  for  lithium  hydride. 

Reaction  of  Lithium  Hydride  (prepared  from  t -butyl  lithium)  and  Magnesium 
Bromide  in  Tetrahydrofuran.  -  To  75  ml  magnesium  bromide  in  THF  (0.i84l  m)  was 
added  33  nil  of  a  slurry  of  lithium  hydride  (0.8  m).  The  solution  was  stirred 
overnight*  The  solution  was  then  filtered  and  the  filtrate  gave  on  analysis  a 
magnesium  to  bromide  ratio  of  1.0:2.99.  The  X-ray  powder  pattern  of  the  solid 
obtained  showed  strong  lines  corresponding  to  magnesium  hydride  and  some  very 
weak  lines  corresponding  to  lithium  hydride.  The  infrared  spectra  of  the  solid 
also  correspond  to  magnesium  hydride. 

Reaction  of  Sodium  Hydride  and  Magnesium  Bromide  in  Tetrahydrofuran.  - 
To  83.4  ml  of  magnesium  bromide  in  THF  (0.14-36  m)  was  added  1.15  g  of  sodium 
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hydride  (57$  in  mineral  oil)  and  stirred  for  two  days.  The  solution  was  then 
filtered  and  the  analysis  of  the  filtrate  showed  no  magnesium  or  bromide  in 
solution.  The  infrared  spectra  and  X-ray  powder  pattern  indicate  a  mixture  of 
sodium  bromide  and  magnesium  hydride. 

Reaction  of  Sodium  Hydride  and  Ijagnesium  Chloride  in  Tetrahydrofuran.  - 
To  50  ml  of  magnesium  chloride  in  IHF  (0.32^3  m)  was  added  1.5  S  sodium  hydride 
(57$  in  mineral  oil).  The  solution  was  stirred  for  two  days  at  room  temperature 
and  then  filtered.  The  infrared  spectrum  and  X-ray  powder  pattern  of  the  solid 
indicated  the  solid  to  be  a  mixture  of  sodium  chloride  and  magnesium  hydride  with 
some  unreacted  sodium  hydride. 

Reaction  of  Sodium  Hydride  and  Magnesium  Iodide  in  THF.  -  To  50°  ml  THF 
was  added  120  ml  of  0. l6tl  m  magnesium  iodide  in  diethyl  ether.  To  this  slurry 
of  MgT2*6THF  was  added  I.87  gm  sodium  hydride  and  the  slurry  stirred  for  three 
days.  No  iodine  was  detected  in  the  supernatant  solution  after  three  days  and 
the  solution  was  filtered.  An  X-ray  powder  pattern  of  the  resulting  solid  showed 
only  sodium  hydride  and  MgI2*6'XHF. 

Reaction  of  Sodium  Hydride  and  Magnesium  Iodide  in  Diethyl  Ether.  -  To 
ICO  ml  of  magnesium  iodide  in  diethyl  ether  (0.1629  m)  was  added  IA565  gm  of 
sodium  hydride  (57$  in  mineral  oil).  The  solution  was  stirred  for  two  days' 
and  then  filtered.  The  infrared  spectrum  and  X-ray  powder  pattern  showed  sodium 
iodide  ar.d  magnesium  hydride  to  be  present.  The  solid  was  then  placed  in  200  ml 
of  THF  and  stirred  for  one  day.  This  solution  was  then  filtered  and  the 
resulting  solid  analyzed  for  magnesium  and  iodine.  The  Mg:I  ratio  was  1.0:0.11. 
This  represents  removal  of  over  90$  of  the  sodium  iodide. 
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Results  and  Discussion 

In  the  present  study  lithium  hydride  and  sodium  hydride  were  allowed  to, 
react  with  magnesium  chloride  and  magnesium  bromide  in  THF  and  with  magnesium 
iodide  in  THF  and  diethyl  ether.  The  purpose  of  this  study  was  to  prepare 
magnesium  hydride  quantitatively  and  free  from  alkalimetaT  halides  where 
possible.  This  is  desirable  since  the  lithium  hydride  and  magnesium  halide 
starting  materials  are  less  expensive  than  the  lithium  aluminum  hydride  and 
diethyl  magnesium  frequently  used* 

Commercial  lithium  hydride  obtained  as  a  dry  powder  did  not  react  with 

magnesium  halides  in  THF  at  room  temperature.  Even  after  stirring  at  room 

temperature  for  several  days  only  the  unreacted  starting  materials  were  recovered. 

The  nonreactivity  of  the  commercial  grade  of  lithium  hydride  is  probably  due 

to  the  formation  of  an  oxide  coat  on  the  solid.  In  a  preliminary  experiment  the 

commercial  grade  of  lithium  hydride  was  allowed  to  react  with  magnesium  bromide 

in  refluxing  THF.  Some  reaction  did  take  place  as  the  Mg:Br  ratio  in  solution 

rose  to  1.0:3. The  extent  of  this  reaction, is  currently  under  study.  Care 

8 

however  must  be  taken  to  guard  against  cleavage  of  the  THF  by  the  MgHg. 

(8)  H.  E*  Podall  and  W.  E.  Becker,  J.  Org.  Chem. ,  23  >  18^8  (195&). 

In  order  to  avoid  the  problem  of  ether  cleavage  a  more  reactive  form  of 
lithium  hydride  was  prepared  which  might  reduce  the  time  required  for  complete 
reaction  and  thus  also  reduce  the  cleavage.  Hydrogenation  of  t-butyl  lithium 
in  pentane  at  3000  psi  and  25'1C  afforded  a  reactive  LiH  as  a  pentane  slurry. 

The  LiH  remained  active  as  long  as  it  was  not  allowed  to  become  dry. 
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Reaction  of  this  LiH  with  MgCl^  in  THF  at  25°  C  however  afforded  only 
unreacted  starting  material  after  two  days.  The  reaction  of  this  LIH- with 
MgBr^  in  THF  gave  MgH^  after  stirring  over  night.  The  reaction  was  not  complete 
however  sinee  some  weak  lines  corresponding  to  LiH  were  found  along  with  lines 
for  MgH2  in  the  X-ray  powder  pattern  of  the  solid  product.  - 

The  main  advantage  of  using  LiH  is  that  the  lithium  halide  by-products 
would  be  soluble  in  both  diethyl  ether  and  THF.  But  if  one  must  obtain  the  LiH 
from  t -butyl  lithium  then  the  economics  of  the  reaction  would  no  longer  be  an 
advantage.  With  this  in  mind  we  decided  to  use  the  commercially  available  sodium 
hydride  which  is  a  5 0$  dispersion  in  mineral  oil.  Since  it  is  sold  as  a  dispersion, 
the  sodium  hydride  is  able  to  retain  its  reactivity.  Sodium  hydride  readily 
reacts  with  I-5gBr2  in  TKF  to  yjeld  I-IgH^.  If  excess  MgBr^  is  used  no  sodium  hydride 
is  found  in  the  solid  product.  However  the  MgHg  produced  is  mixed  with  two  moles 
of  the  insoluble  IfaX  by-product.  However  for  many  purposes  this  will  cause 
no  difficulty. 

Sodium  hydride  was  found  not  to  react  with  Hglg  in  THF.  It  was  thought 
that  the  solubility  of  the  Hal  m  THF  would  provide  a  driving  force  for  the 
reaction  but  after  stirring  for  several  days  only  starting  materials  were 
recovered.  Sodium  hydride  was  found  to  react  with  Kgl^  in  diethyl  ether.  Ninety 
percent  of  the  diethyl  ether  insoluble  Hal  was  removed  simply  by  stirring  the 
physical  mixture  of  I-£H2  and  Nal  in  THF. 

In  conclusion  it  may  be  noted  that  where  excess  alkali  metal  hydride 
was  used  no  complex  of  the  form  MnKgH24,n  w>jS  detected  but  only  physical  mixtures 
of  the  alkalimetal  hydride  and  magnesium  hydride  as  shown  by  the  X-ray  powder 
diffraction  patterns. 


Table  I.  Summary  of  Results  of  Reactions  of  Metal  Hydrides  with 
Magnesium  Halides  in  Ether  Solvents. 


Reactants 

Solvent 

Reaction  Conditions 

Yield  MgH2 

WaH/MsIg 

(c2h5)2q 

Room  Temp. ;  2  days 

100$  (a) 

NaH/MgI2 

THF 

Room  Temp. ;  3  days 

No  reaction 

NaH/MgBr2 

THF 

Room  Temp. ;  2  days 

100$ 

NaH/MgCl 

THF 

Room  Temp. ;  2  days 

LiH/tigClg 

THF 

Room  Temp. ;  2  dajs 

No  reaction 

LiH/MgSr2 

THF 

Reflux;  2  days 

33$ 

LiH/MgClg  (b) 

THF 

“Room  Temp. ;  2  days 

No  reaction 

LiH/MgBr2  (b) 

THF 

Room  Temp. ;  1  day 

33$ 

KH/MgI2 

(.c2h5)2° 

Reflux;  1  day 

100$ 

(a)  Ifal  car.  be  removed  by  extraction  with  THF. 

(b)  LiH  prepared  by  hydrogenation  of  t-butyl  lithium. 
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Concerning  the  Reactions  of  Lithium  and  Sodium  Aluminum  Hydride  with 
Grignard  Reagents  in  Ether  Solution.  Attempts  to 
Prepare  RKgAlHj,  Precursors  to  HMgAlH^. 

E.  C.  Ashby  and  R.  D.  Schwarts 
Abstract 

The  reaction  of  lithium  aluminum  hydride  ana  n-butylmagnesium  chloride 
in  diethyl  ether  yields  a  compound  which  on  the  basis  of  its  infrared  spectra 
is  assigned  the  formula  ffi4gA.HL  R.  This  compound  is  soluble  in  ether  solvents 
but  insoluble  in  hydrocarbon  solvents  such  as  octane.  Reaction  of  lithium  or 
sodium  aluminum  hydride  with  methyl  or  sec-butyl  magnesium  chloride  does  not 
result  in  the  formation  of  HKgAlH^R  but  instead  magnesium  hydride  is  produced. 

Introduction 

In  our  attempts  to  prepare  hydndomagnesium  aluminum  hydride  (HMgAlH^)  we 
have  focused  attention  on  the  preparation  of  alkyl  magnesium  aluminum  hydrides 
since  this  class  of  compounds  should  be  easily  converted  to  lEMgAUf^  by  hydro¬ 
genation.  The  method  we  chose  to  prepare  this  precursor  involves  the  reaction 
of  lithium  aluminum  hydride  and  a  Grignard  reagent. 

LiAlH^  4  RMgJC  ■*  RI-SgAlHj.  +  LiX  (l) 

RKgAlH^  — %  HKgAlK^  +  H2  (2) 

Strebel^  has  reported  that  addition  of  lithium  aluminum  hydride  to 

(l)  P.  Strebel,  Ph.D.  Dissertation,  University  of  Munich,  1958. 
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ethjrl  magnesium  chloride  in  diethyl  ether  yielded  a  soluble  compound  with  the 
empirical  formula  Cgi^MgAlH^  and  the  structure  he  assigned  to  it  is  shown  in 
Figure  I.  However  no  spectral  data  were  reported  to  verify  this  structure. 


-C2H5\ 

Mg  ukl 

/  y  v 

.EtgO'''  ''R  ^ 


Figure  I 


'  -  2 

In  1956  Rice  reported  that  when  phenyimagnesium  bromide  was  allowed  to 


(2)  H.  J.  Rice  and  P.  J,  Andreiles,  Technical  Report  to  the  Office  of 
Naval  Research  Contract  0IIR-^9i+(C?h-)  j  1956. 


react  with  lithium  aluminum  hydride  in  diethyl  ether  at  a  mole  ratio  of  6:1,  the 
resulting  product  had  the  empirical  formula  ( C^H,-  )gMg*  C^H^MgH* 3( C2H5  ^2°*  when 
a  Grignard  to  lithium  aluminum  hydride  ratio  of  10:1  was  used,  a  product  of 
empirical  formula  CgHcMgBr*CgH^^H*3(CgIL)20  was  isolated.  These  compounds  were 
soluble  in  benzene  and  insoluble  in  -diethyl  ether. 

Considering  these  differences  in  the  prior  art  and  our  desire  to  prepare 
RMgAlH^  compounds  we  decided  to  study  the  reactions  of  alkali  metal  aluminum- 
hydrides  with  Grignard  reagents  in  order  to  determine  the  exact  course  of  this 
reaction. 


Experimental  Section 

All  operations  were  carried  out  either  in  a  nitrogen  filled  glove  box 
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3 

equipped  with  a  recirculating  system  to  remove  oxygen  and  water  or  on  the 


(J)  T.  L.  Brown,  3.  W.  Dickerhoof,  D.  A.  Bafus  and  G.  L.  Morgan, 

Rev.  Sci.  Tnstrum. ,  33,  ^91  (1962). 

bench  using  typical  Schlenk  tube  techniques.  All  glassware  was  flash  flamed  and 
flushed  with  nitrogen  prior  to  use. 

Instrumentation,  r  Infrared  spectra  were  obtained  using  a  Perkin  Elmer 
model  621  High  Resolution  Inirared  Spectrophotometer.  Cesium  Iodide  cells  were 
used.  X-ray  powder  diffraction  patterns  were  run  using  a  Deiye-Scherrer  camera 
of  114.6  mm  diameter  using  GuK^  (1.5^0  A)  radiation  with  a  nickel  filter.  Single 
walled  capillaries  of  0.5  mm  diameter  were  used.  These  were  filled  in  the  dry 
box  and  sealed  with  a  microburner. 

Reagents.  -  Diethyl  ether  (Fisher  Certified  reagent)  was  distilled  over 

lithium,  aluminum  hydride  immediately  prior  to  use.  Triply  sublimed  magnesium 

was  obtained  from  Dow  Chemical  Co.  The  magnesium  was  washed  with  diethyl  ether 

and  dried  under  vacuum  prior  to  use.  Lithium  ana  sodium  aluminum  hydride  were 

obtained  from  Ventron  Metal  Hydrides  Division.  Lithium  aluminum  hydride  solutions 

'  k 

in  diethyl  ether  were  prepared  as  described  previously.  Sodium  aluminum  hydride 

(k)  E.  C,  Ashby,  R.  D.  Schwartz,  and  B*  B.  lames,  Inorg.  Chem.  9,  325, 

(1970). 

was  recrystallized  from  diethyl  ether  -  THF  mixtures. 

Analytical  Procedures.  -  Halogen  analysis  was  carried  out/by  the  Volhard 
method.  Aluminum  analysis  was  carried  out  by  titration  with  EDTA.  ihgnesium 
analysis  in  the  presence  of  aluminum  was  carried  put  by  masking  the  aluminum  with 


triethanolamine  and  titrating  the  magnesium  with  EDTA.  Hyuriulu-  hydrogen 
was  measured  by  hydrolyzing  a  weighed  sample  on  a  high  vacuum  line  and 
transferring  the  gas  to  a  calibrated  bulb  via  s  Topler  pump  after  passing  the 
gas  through  a  liquid  nitrogen  trap. 

Reaction  of  Lithium  Aluminum  Hydride  and  n-Butyl  Magnesium  Chloride  in 

Diethyl  Ether*  -  To  45*06  moles  of  lithium  aluminum  hydride  was  added  1$0  cl 

diethyl  ether*  To  this  solution  was  added  23.71  ml  of  n-bufcyl  magnesium  chloride 

in  diethyl  ether  ( 1. 5642  m).  The  solution,  was  stirred  over  night-  at  roam 

temperature.  The  solution  was  filtered  and  1.6661  gm  of  solid  isolated  vhish 

gave  on  analysis*  01:74.33,  Mg:2»93,  Al’C.99*  The  clear  filtrate  gave  the 

following  analysis:  KgAl:CI,  1.0-1.02:0.1.  The  solution  contained  9%  of  the 

initial  amount  of  magnesium.  The  infrared  spectrum  of  the  filtrate  shoved  fends 
—1  -1  -1 

at  1765  cm  (broad);  780  cm  630  cm  (sh).  In  a  separate  expe r'iment  the 
solvent  was  removed  from  the  filtrate  and  the  resulting  solid  gave  an  infrared 
spectrum  with  bands  at  1760  cm  '  (broad)  and  720  cn~“.  The  X-ray  powder  pattern 
of  the  solid  showed  no  lines  for  magnesium  hydride.  When  this  solid  was  dissolved 
in  THF  its  infrared  spectrum  gave  bands  at  17C0  cm;.  7%  crT*;  755  c z:~\ 

Reaction  of  se e-But yl  Magnesium  Chloride  and  Lithium  Aluminum  Hydride  in 
Diethyl  Ether.  -  To  1C  ml  s -butyl  magnesium  chloride  is  diethyl  ether  (2.41  n) 
was  added  lu.lQ  rai  of  lithium  aluminum  hydride  in  diethyl  ether  (1-6931  n).  The 
solution  was  stirred  over  night.  The  solution  was  filtered  and  1.1552  gm  of 
solid  was  isolated.  The  solid  an  analysis  gave  e  Mr  A.l-Cl  ratio  of  l.C*:C.C2:C.S5. 
E10  amount  of  magnesium  with  solid  represented  65^  of  the  initial  magnesium.  The 
infrared  spectrum  of  this  solid  showed  it  to  contain  magnesium  hydride.  Analysis 


of  the  solution  gave  a  Kg  Al  ratio  of  approximately  2.03-0. 
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Reaction  of  sec-Butyl  Magnesium  Chloride  and  Sodium  Aluminum  Hydride 
In  Diethyl  Ether.  -  To  10  ml  s -butyl  magnesium  chloride  (2.^1  m)  was  added  100  ml 
diethyl  other  and  1.3605  gm  sodium  aluminum  hydride.  The  solution  was  stirred 
for  two  days.  The  solution  was  then  filtered  and  the  clear  filtrate  gave  on 
analysis  a  Mg:Al  ratio  of  1.0:1.67«  The  infrared  spectrum  of  the  filtrate 
showed  broad  bands  centered  at  1780  cm  ^  and  720  cm~\  The  resulting  solid 
gave  on  analysis  a  Mg:Al:Cl  ratio  of  1,0:0. 3:2.0.  This  represents  50.8$  of 
the  initial  amount  of  magnesium.  The  infrared  spectrum  of  the  solid  showed  it 
to  contain  magnesium  hydride.  t 

Reaction  of  Sodium  Aluminum  Hydride  and  Methyl  Magnesium  Bromide.  -  To 
11.79  mmoles  of  sodium  aluminum  hydride  was  added  20.68  ml  of  methyl  magnesium 
bromide  in  diethyl  ether  (0,5701  m).  The  solution  was  stirred  for  two  days 
and  filtered.  The  resulting  clear  filtrate  gave  on  analysis  a  Mg:Al  ratio  of 
1.0:2.12.  The  infrared  spectrum  of  the  filtrate  gave  weak  bands  at  710  cm  1  and 
615  cm"1/  The  resulting  solid  gave  on  analysis  a  Br :Mg:Al  ratio  of  2.0:0.9:1.0. 
This  represents  82.8$  of  the  initial  amount  of  magnesium.  The  infrared  spectrum 
of  ‘the  solid  gave  bands  at  1680  cm  1  (broad)  and  710  cm  ^  (broad)  and  also  bands? 
corresponding  to  magnesium  hydride. 


Results  and  Discussion 

In  this  paper  we  would  like  to  report  the  preliminary  results  which  we 
have  obtained  in  our  study  of  the  reactions  of  Grignard  reagents  with  alkali 
metal  aluminum  hydrides. 

n-Butylmagnesium  chloride  was  allowed  to  react  with  lithium  aluminum 
hydride  in  diethyl  ether  at  a  mole  ratio  of  11.  A  solid  was  obtained  by 
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filtering  the  reaction  mixture  which  was  shown  ,by  elemental  analysis  and  X-ray 
powder  patterns  to  be  lithium  chloride*  Analysis  of  the  filtrate  gave  a  Mg:Al 
ratio  of  1.0:1.02  and  the  amount  of  magnesium  in  solution  represented  95 $  of ‘ the 

original  magnesium.  The  infrared  spectrum  of  the  filtrate  showed  broad  bands 

-1  -1  -1 
at  1765  cm  ;  780  cm  and  a  shoulder  at  680  cm  .  No  bands  were  observed  in 

the  MgrC  stretching  region  of  500-535  cm  \  We  have  concluded  therefore  that  the 

alkyl  group  is  bonded  to  aluminum  and  not  magnesium.  The-  compound  HMgAlH^R  was 

found  to  be  soluble  in  diethyl  ether  and  THF  but  insoluble  in  hydrocarbon  solvents 

such  as  octane.  - 

Attempts  to  hydrogenate  HMgAlH^R  to  HMgAlH^  have  not  been  successful. 

HP 

HMgAlH^R  -//%•  HMgAlH^ 

In  the  reaction  of  lithium  aluminum  hydride  with  secrbutyl  magnesium 

chloride  in  1. 0:1,0  molar  ratio,  a  solid  was  obtained  which  was  shown  to  contain 

magnesium  hydride.  The  Mg  A1  ratio  in  solution  was  found  to  be  2:3*  In  the 

reaction  of  sodium  aluminum  hydride  with  secrbutyl  magnesium  chloride  similar 

results  were  obtained.  The  infrared  spectrum  of  the  solution  gave  broad  bands 
“*3  ""j. 

at  1780  cm  and  720  cnTx.  The  infrared  spectrum  of  the  soli'i  product  showed  it 
tc  cnrta^p-'^gnesium  hydride.  We  had  hoped  to  prepare  methyl  magnesium  aluminum 
hydride  by  the  reaction  of  sodiu'  aluminum  hydride  with  methyl  magnesium  bromide 
iri  diethyl  ether  in  order  to  look  at  ti  c  NMR.  However  a  solid  was  obtained  from 
this  reaction  which  had  a  Mg  A1  ratio  of  0.9?1»0.  .  The  infrared  spectrum  of  the 
solid  gave  broad  bands  at  l680  cm  *  and  710  cm  ^  and  also  bands  corresponding  to 
magnesium  hydride. 


The  reactions  of  alkali  metal  aluminum  hydrides  with  Grignard  reagents 
do  not  seem  to  be  straight  forward.  In  some  cases  a  compound  of  the  empirical 


formula  HMgAlH^R  was  produced  and  in  other  cases  magnesium  hydride  is  the  major- 
product.  In  our  future  studies  of  this  system  we  intend  to  look  at  the  effects 
of  solvent  and  of  the  solubility  of  the  alkalimetal  halide  by-products  as  well 
as  the  effects  of  varying  the  alkyl  group  on  the  nature  of  the  reaction  product 
produced.  The  two  different  reaction  paths  are  proposed  below. 

Path  I 

LiAlH,.  +  n-BuMgCl  -  Li'Cl'l:  +  n-BuMgAlH^ 

f 

HMgAlH^n-Bu) 

Path  II 

(A)  LiAlHj,  *  s-BuMgCl  -  LiCl^  +  s-BuKgAlH,. 

A 

HMgAlH,(s-Bu) 

A  i 

ll' 

1/2  MfcHgJ,  +  j-!g[AlH3(s-Bu)]2 

(B) 

s-Bul-IgCl  Li^l'i'  +  sBuMgAlKj.  HKgAlH^Cs-Bu) 

LiAlHj  (■  'll 

s-Bu2Mg  -  bm2  +  LiAl(s-£u)2K2 

-r 

MgClg  -  LiCSi'  *  ClKgAlH^  +  MeGUU^) 


It  would  appear  that  running  the  reaction  in  EtgO  rather  than  THF  where 
the  Stnlenk  equilibrium  lies  further  to  RMgX  side  would  have  the  best  chance 
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of  forming  RMgAlH^.  Such  a  compound  would  also  have  a  better  chance  of  stability 
rather  than  disproportionation  if  the  transformation  is  carried  out  in  benzene 
using  RMgX'NR,.^  : 


(5)  E.  C.  Ashby  and  R.  Reed,  J.  Org.  Chem. ,  31,  985  (1966). 


Et3N 


s-BuCl  +  Mg  S-Bui-Igca*m3 


WR]fAlH^  +  s-Bu!'lgCl*NEf3 


Nfi^Gl-*  +  s-BuI-lgAlH^'NEt. 


HMgAlH^  +  CkE10 


99 


Concerning  the  Preparation  of  HMgAlH^  and  HMgBH^ 

E.  C.  Ashby  and  R.  D.  Schwartz 
Abstract 

Efforts  to  date  to  prepare  hydridomagnesium  aluminum  hydride  and  hydrido 
magnesium  borohydride  have  resulted  in  physical  mixtures  of  magnesium  hydride 
and  magnesium  aluminum  hydride  or  magnesium  bomhydride.  The  attempts  made  so 
far  have  included  pyrolysis  and  hydrogenolysis  of  alkyl  magnesium  aluminum 
hydride  and  alkyl  magnesium  borohydride  and  the  reduction  with  sodium  hydride 
of  chloromagnesium  aluminum  hydride  and  chloromagnesium  borohydride. 

Introduction 

The  preparation  of  compounds  of  the  type  KMBH^  and  HtftlH^  have  been 
investigated  previously.  In  19^0  Burg  and  Schlesinger1  reported  the  preparation 

(1)  A.  B.  Burg  and  H.  I.  Schlesinger,  J.  Am.  Chem.  Soc. ,  62,  3^25  ( 19^0) . 
of  HBeBHj/i^Cfi^  by  borane  extraction  from  Be(BKi|)2  by  trimethylamine. 

Be(BH^)2  +  -  HBeBH^'NCCHj)^  +  BH^CCH^  (l) 

2 

In  1951  Schlesinger  and  coworkers  reported  that  the  addition  of  diethyl 

(2)  G.  D.  Barbaras,  C.  Dillard,  A.  E.  Finhoit,-  7.  Wartik,  K.  E.  WilzDach, 
and  H.  I.  Schlesinger,  J.  Am.  Chem.  Soc. ,  73,  ^585  (1951)* 

magnesium  to  a  large  excess  of  lithium  aluminum  hydride  in  diethyl  ether  followed 
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by  addition  of  benzene  resulted  in  the  precipitation  of  a  solid  with  the  empirical 
formula  HMgAlH^.  The  compound  was  not  characterized  further. 

LIAIH^  +  Mg(C^H^)2  -?•  HMgfilH^  +  other  products 

In  this  paper  we  would  like  to  report  on  our  attenpts  to  date  to  prepare 
and  characterize  HMgAlH^  and 

Experimental  Section 

All  operations  were  carried  out  either  in  a  nitrogen  filled  glove  box 

3 

equipped  with  a  recirculating  system  to  remove  oxygen  and  water  or  at  the 


(3)  T.  1.  Brown,  D.  W.  Dickerhoof,  D.  A.  Bafus  and  G-  L.  Morgan,  Rev. 

Sci.  Instrum.,  33,  h$l  (1962)-. 

bench  using  typical  Schlenk  tube  techniques.  All  glassware  was  flash  flamed 
and  flushed  with  nitrogen  prior  to  use. 

Instrumentation.  -  Infrared  spectra  were  obtained  using  a  Perkin  Elmer 
model  621  High  Resolution  Infrared  Spectrophotometer.  Cesium  iodide  cells  were 
used. 

X-ray  powder  diffraction  patterns  were  run  using  a  Debye -Scherrer  camera 
of  llU.6  mm  diameter  using  CuK^  (l. 5if0  A)  radiation  with  a  nickel  filter.  Single 
walled  capillaries  of  0.5  mm  diameter  were  used.  These  were  filled  in  the  dry 
box  and  sealed  with  a  microburner. 

Reagents.  -  Tetrahydrofuran  and  benzene  (Eisher  Certified  reagent)  were 
distilled  over  sodium  aluminum  hydride  immediately  pr  *r  to  use.  Diethyl  ether 
(Fisher  Certified  reagent)  was  distilled  over  lithium  aluminum  hydride. 
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immediately  prior  to  use. 

Mercuric  halides  (Baker  Analyzed)  were  dried  under  vacuum  and  used  with¬ 
out  further  purification.  Triply  sublimed  magnesium  was  obtained  from  Dow 
Chemical  Co.  It  was  washed  with  diethyl  ether  and  dried  under  vacuum  prior 
to  use. 

Lithium  and  sodium  aluminum  hydride,  sodium  hydride  (57$  suspension  in 
mineral  oil)  and  sodium  borohydride  were  obtained  from  Ventrun  Metal  Hydrides 
Division. 

Magnesium  aluminum  hydride,  chloromagnesium  aluminum  hydride,  iodomagnesium 

k 

aluminum  hydride  and  magnesium  halide  were  prepared  as  described  previously. 

(*0  E.  C.  Ashby,  R.  D.  Schwartz  and  B.  D.  James,  Inorg.  Chem.,  9,  325  (1970) 

Analytical  Procedures.  -  Halogen  analysis  was  carried  out  by  the  Volhard 
method.  Aluminum  and  magnesium  analyses  were  carried  out  by  titration  with  EDTA. 
Magnesium  analysis  in  the  presence  of  aluminum  was  carried  out  by  masking  the 
aluminum  with  triethanol  amine.  Lithium  analysis  was  carried  out  by  flame 
photometry.  Hydridic  hydrogen  was  analyzed  by  hydrolyzing  a  'weighed  sample  gf 
the  compound  on  a  high  vacuum  line  and  transferring  the  gas  to  a  calibrated 
bulb  via  a  Topler  pump  after  passing  the  gas  through  a  liquid  nitrogen  trap. 

Preparation  of  Lithium  Hydride.  -  To  an  autoclave  (300  ml  chamber)  was 
added  150  ml  of  t -butyl  lithium  in  pentane.  The  autoclave  was  then  pressurized 
to  3000  psi  and  allowed  to  stir  over  night  at  room  temperature.  The  resulting 
solution  was  not  filtered  and  the  white  solid  obtained  was  not  allowed  to  become 
dry.  The  supernatant  liquid  showed  no  activity  a.d  the  analysis  of  the  solid 
as  a  slurry  in  pentane  gave  a  lithium  to  hydrogen  ratio  of  1.0  1.0. 
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Preparation  of  Ethyl  and  sec -Butyl  Magnesium  Borohydride.  -  Ethyl 

5 

magnesium  borohydride  was  prepared  as  described  previously.  In  the  preparation 


(5)  W.  E.  Becker  and  E.  C.  Ashby,  Inorg.  Ghem. ,  4 ,  l8l6  (1965)* 

of  sec-butyl  magnesium  borohydride  2.41  gm  of  sodium  borohydride  was  added  to  50  ml 

of  sec-butyl  magnesium  chloride  in  Et^O  (1.09  m).  This  was  diluted  with  50  ml 

of  diethyl  ether.  The  solution  was  stirred  for  two  days.  The  solution  was 

filtered  and  the  analyst*  of  the  filtrate  gave  a  Kg* Cl  ratio  of  1.0:0.02.  The 

-1  -1  -1 

infrared  spectrum  of  the  solution  gave  bands  at  2420  cm  ,  2220  cm  and  535  cm  . 

Preparation  of  n-Butyl  Magnesium  Aluminum  Hydride.  -  To  45.06  mmole  of 

lithium  aluminum  hydride  was  added  150  ml  of  diethyl  ether.  To  this  was  added 

28.71  ml  of  n-butyl  magnesium  chloride  in  diethyl  ether  (1.5642  m).  The  solution 

was  stirred  over  night  at  room  temperature.  The  solution  was  filtered  and  the 

filtrate  gave  the  following  analysis:  Kg:  Al; Cl;  1.0:1.02:0.1.  The  infrared 

spectrum  of  the  filtrate  gave  bands  at  1765  cm_x  (broad);  78Q  cm  ;  680  cm  A  (sh). 

Reaction  of  Sodium  Hydride  and  Chloromagnesium  Hydride  in  Tetrahydrofuran.  - 

To  50  ml  of  chloromagnesium  aluminum  hydride  in  THF  (0.2056  m)  was  added  454.5 

mg  sodium  hydride  (573  dispersion  in  mineral  oil).  The  solution  was  stirred  for 

two  days.  The  solution  was  then  filtered  and  the  filtrate  gave  on  analysis  3 

Cl/Kg/Ai  ratio  of  0.0:1.0:1.88.  From  the  filtration  was  isolated  I.96OI  gm 

-1  -1 

of  solid.  The  infrared  spectrum  of  the  solid  gave  bands  at  1725  cm  ;  1025  cm  ; 
975  cm  790  cm  745  cm  X.  The  X-.oy  powder  pattern  of  the  solid  gave  lines 
corresponding  to  sodium  chloride,  magnesium  sluminu_,  hyuride  and  magnesium  hydride. 
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Reaction  of  Sodium  Hydride  and  Magnesium  Aluminum  Hydria-.in  Tetrahydro- 
furan-  -  To  75  ml  of  THF  was  added  k.3028  pm  of  MgCAlH^ )g‘^THF  and  677*7  nig  of 
sodium  hydride  ( c/i%  dispersion  in  mineral  oil).  The  solution  was  stirred  for 
two  days  The  solution  was-  filtered  and  the  filtrate  contained  aluminum  but  no 
magnesium  The  amount  of  alununum  m  solution  corresponded  to  the  amount  of 
sodium  hydride  added  The  infrared  spectrum  of  the  filtrate  showed  bands  at 
lo?L  cm  and  772  cm  The  solid  resulting  from  the  filtration  gave  an  infrared 

-1  -i  -i  -1 

spectrum  with  bands  at  1725  cm  .  lo25  cm  ,  795  .-m  ;  745  cm 

Reaction  of  Lithium  Hydride  and  ledomagnes-'-um  Aiumnun  Hydride  in 
Diethyl  Ether  -  To  iodomagne? iom  aluminum  hydride  was  added  excess  lithium 
hydride  as  a  -'-lurry  in  pentane-  The  solution  was  stirred  for  several  days- 
The  solution  was  filtered  and  the  analysis  of  the  filtrate  gave  an  I-:Kg:Al  ratio 
of  1  52.0*0  1  CO-  The  infrared  spectrum  of  the  solution  showed  bands  at 
17^0  cm  1  and  760  cm  V  The  solid  obtained  from  the  filtration  gave  an  infrared 
spectrum  and  an  X-ray  powder  pattern  corresponding  to  magnesium  hydride 

Reaction  of  Sodium  Hydride  and  Chi  oroma  gr.es  1  urn  Borohydride  in  Tetra- 
hydrofuran  -  T-:  ^5  rai  of  chlorcmagnesium  borohydride  in  THF  (O.U881  m)  was 
added  1  925^  gm  of  sodium  hydride  (5*T),  dispersion  in  mineral  oil).  The  solution 
was  stirred  for  two  days-  1T  w . s  then  filtered*  The  infrared  spectrum  of  the 
filtrate  showed  no  bands  other  than  THF-  The  X-ray  powder  pattern  of  the  solid 
resulting  from  ■‘"he  filtration  gave  lines  corresponding  to  sodium  chloride,  sodium 
borohydride  and  magnesium  hydriae.  The  infrared  spectrum  of  the  solid  gave 
bands  corresponding  to  sodium  torchyur: do  and  magnesium  hydride 

pyrolysis  of  n -Butyl  Magnesium.  A  jury,  rum  Hydride.  -  To  ICO  ml  of  light 
mineral  oil  (dried  over  souium  wire)  w us  added  15  ml  of  n-butyl  nwgnesiun  aluminum 
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hydride  in  diethyl  ether  (0.34  m).  The  ether  was  stripped  off  and  the  n-butyl 
magnesium  aluminum  hydride  was  insoluble  in  the  mineral  oil.  The  mineral  oil 
■was  then  heated  to  80*  under  vacuum  for  several  hours.  At  the  end  of  this  time 
the  reaction  was  cooled  and  filtered  and  washed  with  benzene.  The  solid 
obtained  gave  an  infrared  spectrum  with  bands  at  i860  cm  1  (sh);  1?45  cm  "S 
1700  cm-1  (sh);  920  cm"1  ana  ?15  cm-1.  The  analysis  of  the  product  gave  a 
H/Butane/Mg  ratio  of  4.17  1. 0:1.0. 

Byro lysis  of  Ethyl  Ijagnesium  Borohydride.  -  The  solvent  was  removed  from 
25  ml  of  ethyl  magnesium  borohydride  in  THF  (2.5  m)  and  to  the  resulting  oil  was 
added  100  ml  of  heavy  mineral  oil.  The  ethyl  magnesium  borohydride  was  missible 
in  the  mineral  oil.  The  solution  was  then  heated  slowly  to  a  tamperature  of  170°C 
with  an  oil  bath.  At  this  temperature  a  gas  was  given  off  and  a  solid  was  formed. 
A.fter  two  hours  the  solution  was  allowed  to  cool  to  room  temperature.  The 
solution  was  filtered  and  the.  solid  obtained  was  washed  with  benzene.  The  analysis 
of  the  solid  gave  a  Kg.H  ratio  of  1.0:3.74  and  no  ethane.  The  infrared  spectrum 
of  the  solid  showed  bands  for  magnesium  hydride  and  some  bands  at  2270  cm  1  with 
a  shoulder  at  2320  cm  The  X-ray  powder  pattern  showed  strong  lines  corresponding 
to  magnesium  hydride  and  some  other,  weak  lines. 

Pyrolysis  of  sec-Butyl  Magnesium  Borohydride.  -  The  diethyl  ether  was 
removed  from  25  ml  of  a  s-butyi  magnesium  borohydride  solution  (O.JCAO  m)  and  to 
the  resulting  oil  was  added  ICO  ml  octane.  The  solution  was  heated  to  80°C 
under  vacuum.  The  solution  was  cooled  and  filtered  and  the  solid  obtained  gave 
lines  for  magnesium  hydride  and  some  other  lines.  In  a  separate  experiment 
s-butyl  magnesium  borohydride  was  heated  to  1C5*C  under  vacuum  in  heavy  mineral 
oil.  A  yellow  oil  was  obtained  which  was  not  chara  cterized  further. 
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Hydrogenolysis  of  n-Butyl  j.iag^esium  Aluminum  Hydride  in  Diethyl  Ether.  - 
To  35  ml  of  n-butyl  magnesium  aluminum  hylriie  was  added  65  mi  diethyl  ether. 
This  solution  was  placed  in  the  autoclave  (3C0  ml  chamber).  The  sample  was 
pressurized  to  3'-€0  psi  and  stirred  at  25°C  over  night.  However  no  reaction 
took  place.  The  autoclave  was  repressurized  to  3000  psi  and  stirred  at  50°C 
over  night.  A  white  solid  was  obtained  from  this  reaction.  The  solution  was 
filtered  and  the  filtrate  gave  on  analysis  a  KgAl  ratio  of  1, 02.33-  The 
infrared  spectrum  of  the  filtrate  gave  bands  at  670  cm  1  and  a  shoulder  at  . 
700  cm  \  The  gray  solid  obtained  from  the  filtration  gave  on  analysis  a 
Mg:A!:H  ratio  of  1.0:0.3*2.63.  The  infrared  spectrum  of  the  solid  corresponded 
to  magnesium  hydride.  The  X-ray  powder  pattern  gave  lines  corresponding  to 
magnesium  hydride  and  also  some  other  lines. 

Hvdrogeno lysis  of  sec-Sutyi  Magnesium  Borohydride  -  To  75  ml  diethyl 
ether  in  the  autoclave  was  added  25  ml  of  s -butyl  magnesium  borohydride  in 
ether  (0  6lcA  m).  The  autoclave  was  pressurized  to  2CCC  psi  and  the  solution 
stirred  over  night  at  -25°C-  Ho  reaction  was  observed.  The  autoclave  was 
repressurized  to  3CC0  psi  and  trie  solution  stirred  at  50°C  over  night.  The 
solution  was  filtered  ana  the  infrared  spectrum  of  the  filtrate  gave  bands  at 
2^50  cm  ;  2220  cm  ;  and  5'-<C  cm  1  (eh).  The  infrared  spectrum  of  the  white 
solid  corresponded  to  magnesium  hydride,  Ho  bands  were  observed  between  2CCC- 
2500  cm  x.  The  X-ray  powder  pattern  of  the  solid  gives  lines  for  magnesium 
hydride  only.  The  weight  of  the  solid  corresponds  to  a  nearly  quantitative 
yield  of  magnesium  hydride, 

A  similar  e>t  rrimer.t  was  r sr.  vl*-h  benzene  as  the  solvent  The  results 


were  the  same.  That  is  a  solid  was  eoiesned  with  a  X-ray  ttowder  cittern  ana 
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infrared  spectrum  corresponding  to  magnesium  hydride  and  bands  in  the  infrared 
spectrum  of  the  filtrate  at  2J(50  cm*'1  and  2220  cm'1- 

Results  and  Discussion 

The  reactions  employed  in  the  attempt  to  prepare  HMgAlH^  or  HMgBH^  can 
be  divided  into  three  general  categories.  The  first  is  the  reduction  of  a 
compound  of  empirical  formula  ClMgAlH)v  or  ClMgBH^  by  a  chemical  source  of 
hydride  ion  (eg.  NaH).  The  second  method  is  the  pyrolysis  in  some  diluent  of 
a  compound  with  the  empirical  formula  RMgAlH^  or  RMgBH^.  The  third  method  is  the 
high  pressure  hydrogenation  of  FMgAlH^  or  RMgBH^  in  the  autoclave. 

With  reference  to  the  first  case,  sodium  hydride  was  allowed  to  react  with 
chloromagnesium  aluminum  hydride  in  TKF  at  a  molar  ratio  of  1:1.  After  two  days 
the  solution  was  filtered.  The  elemental  analysis  of  the  filtrate  gave  a  Cl:Mg:Al 
ratio  of  0.0:1.0:1.88.  The  solid  isolated  by  this  filtration  had  an  infrared 
spectrum  with  bands  at  1725  cm  \  1025  cm  975  cm  \  790  cm  ^  and  7^5  cm  ^ 

•  corresponding  to  Mg(AlHj+ ) ^  J*-THF.  The  X-ray  powder  pattern  of  the  solid  confirmed 
that- it  was  a  physical  mixture  of  sodium  chloride,  magnesium  hydride  and  magnesium 
aluminum  hydride.  When  sodium  hydride  was  added  in  excess  to  chloromagnesium 
aluminum  hydride,  the  infrared  spectrum  of  the  filtrate  showed  sodium  aluminum 
hydride  to  be  present  in  the  solution.  The  solid  resulting  from  this  was  a 
mixture  of  sodium  chloride  and  magnesium  hydride.  It  was  felt  that  the  formation 

'k< 

of  sodium  aluminum  hydride  was  the  result  of  alane  abstraction  from  magnesium 
aluminum  hydride  by  sodium  hydride.  To  test  this  sodium  hydride  was  allowed  to 
react  with  magnesium  aluminum  hydride  in  THF  in  a  molar  ratio  of  1:1.  The 
quantitative  formation  of  sodium  aluminum  hydride  (based  on  sodium  hydride) 
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resulted.  The  solid  product,  was  a  physical  mixture  of  magnesium  hydride  and 
.magnesium  aluminum  hydride.  The  conclusion  here  is  that  HMgAlH;.  disproportionates 
in  THF. 

NaH  ■+  ClMgA.lHi(  -  NaCl|  *  HMgAlH^ 

l_JM>  MgHp'j'  t  NaAlH)f 

NaH  ■* "Mg(AlH^)2  — ->  NaA  LHJf  +  HMcAlH,+  -(*0 

t - >  1/2  MgH^t  Mg(AlHJ+)2^ 

Lithium  hydride  was  added  m  excess  as  a  pentane  sltiry  to  iodomagnesium 
aluminum  hydride  in  diethyl,  ether.  The  solution  was  filtered  after  severe t  days 
and  the  elemental  analysis  of  the  filtrate  gave  an  IrMgrAl  ratio  of  1.52:0.0:1.0. 
The -infrared  spectrum  of  the  filtrate  gave  bands  at  1740  and  760  cm  ^  corresponding 
to  lithium  aluminum  hydride.  The  infrared  spectrum  and  X-ray  powder  pattern  of 
the  solid  corresponded  to  magnesium  hydride.  We  intend  to  run  this  reaction  in 
a  one:cne  molar  ratio  to  prepare  HMgAlH^  in  the  hopes  that  it  will  be  stable 
toward  disproportionation  in  diethyl  ether. 

LiH  »  T.MpA lHj(  - -->  Lil  +  HMgAlH^  (?)  (5) 

(soluble)  (insoluble) 

Hoclium  hydride  in  excess  was  allowed  to  react,  with  ehloromagnesiurn 
boroliydride  in  THF-  The  resulting  solid  was  shown  by  X-ray  powder  patterns  to 
be  a  mixture  of  sodium  chloride,  sodium  boronydride  and  magnesium  hydride. 

Best  Available  Cop- 
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THK' 

NaH  (excess)  4  ClMgBH^ - >  NaCl  +  NaBH^  +  MgHg  (6) 

In  the  pyrolysis  experiments  n -butylmagnesium  aluminum  hydride  as  the 
diethyl  etherate  was  suspended  in  light  mineral  oil.  This  slurry  was  heated 
under  vacuum  to  80°C  for  several  hours  however  only  unreacted  starting  material 
was  recovered.  Similar  results  were  obtained  in  octane  solution. 

Ethylmagnesium  borohydride  was  obtained  as  the  THF  solvate  and  was 
dissolved  in  100  ml  of  heavy  mineral  oil.  This  solution  was  heated  slowly  to 
a  temperature  of  170*.  At  this  point  a  gas  was  evolved  and  a  solid  formed. 

The  solid  obtained  was  filtered  and  washed  with  benzene.  Elemental  analysis 
gave  a  Mg:H  ratio  of  1.0:3. 5^  with  no  ethane.  The  infrared  spectrum  of  the  solid 
gave  bands  at  2270  and  2380  cm  \  The  X-ray  powder  pattern  showed  strong  lines 
for  magnesium  hydride  and  some  other  weak  lines. 

The  pyrolysis  of  sec-butylmagnesium  borohydride  was  attempted  since  the 

'f 

sec-butyl  group  could  be  removed  at  a  lower  temperature.  Sec-butylmagnesium 
borohydride  as  the  diethyl  ether  solvate  was  dissolved  in  octane  and  heated  to 
80° C  under  vacuum.  A  solid  was  obtained  which  lines  in  the  X-ray  powder  pattern 
corresponded  to  magnesium  hydride  plus  some  other  lines. 

The  hydroge nolysis  of  n-butylmagnesium  aluminum  hydride  in  diethyl 
ether  was  carried  out  at  3000  psi  hydrogen  and  50°C.  The  solution  was  filtered 
and  the  elemental  analysis  of  the  filtrate  gave  a  Mg:Al  ratio  of  1.0:2.33* 

The  infrared  spectrum  of  the  filtrate  gave  bands  in  the  Al-C  stretching  region 
at  670  cm" ^  and  a  shoulder  at  700  cm  .  No  bands  were  observed  in  the  Al-H 
stretching  region.  The  solid  obtained  from  this  filtration  gave  on  analysis 
a  Mg:Al:H  ratio  of  x. 0:0.3 ;  -.63.  I’lie  infrared  spectrum  of  the  solid  corresponded 
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to  magnesium  hydride  and  no  bands  in  the  Al-H  stretching  region  were  observed. 

The  X-ray  powder  pattern  corresponded  to.  magnesium  hydride.  It  is  not  clear  what 
is  happening  in  this  reaction.  From  hydrogenation  of  a  RMgAlH^  compound  one 
would  have  expected  to  find  at  least  a  mixture  cf  MgHg  and  Mg(AlH^)2*  However 
while  the  MgH0  was  detected  no  Mg(A,lK^)2  was  found.  The  other  products  found 
may  have  been  ether  cleavage  products  although  the  conditions  seem  too  mild  for 
this. 

The  results  of  the  hydro genolys is  of  sec-butylmagnesium  borohydride  in 
both  diechyl  ether  and  benzene  are  straight  forward.  Tne  solid  obtained  from 
this  reaction  in  diethyl  ether  had  an  infrared  spectrum  corresponding  to  magnesium 
hydride,  no  bands  in  the  boronrhydrogen  stretching  region  were  observed.  The 
X-ray  powder  pattern  gave  strong  lines  corresponding  to  magnesium  hydride  and  no 
other  lines.  The  weight  of  the  solid  obtained  corresponds  to  a  quantitative 
yield  of  magnesium  hydride.  The  filtrate  from  this  reaction  gave  infrared  bands 
at  2^50  cm  1  and  2220  cm  1  corresponding  to  a  Mg(BRlt)2  species. 

2(‘S-BuMgBHu)  — +  m(EHu)2  *  C\H?0  (7); 

When  the  reaction  was  run  in  benzene  similar  results  were  obtained.  That  is, 
a  solid  consisting  of  magnesium  hydride  and  magnesium  borohydride  in  solution. 

Although  the  nature  of  the  sec-butyl  magnesium  borohydride  in  solution 
is  not  Xnown,  it  is  clear  that  bydrogenolysis  of  this  compound  does  not  produce 
hydridomagnesium  borohydride  but  a  mixture  of  magnesium  hydride  and  magnesium 
borohydride.  This  result  also  establishes  the  point  that  magnesium  hydride 


n  _ 


no 


and  magnesium  bcrohydride  will  not  redistribute  in  solution  to  yield  hydrido- 
magnesium  bcrohydride. 

Further  work  is  an  progress. 
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Concerning  the  Preparation  of  and  MMgCAlH^)^ 

E.-  C.  Ashby  and  R.  D.  Schwartz 
Abstract 

The  reactions  of  sodium  aluminum  hydride  with  chloromagnesium  borohydride 
and  of  sodium  borohydride  with  chlorom  jnesium  aluminum  hydride  in  THF  produced 
mixtures  of  magnesium  aluminum  hydride  and  magnesium  borohydride.  Magnesium 
aluminum  hydride  and  magnesium  borohydride  were  found  not  to  redistribute  in 
THF  or  benzene.  Trioctylpropylammonium  aluminum  hydride  reacted  with  magnesium 
aluminum  hydride  in  refluxing  benzene  to  yield  a  solid  which  proved  to  be 
magnesium  hydride. 

Introduction 

Unsymmetrieal  magnesium  compounds  are  of  course  well  known. 1  Some  of  our 


(1)  G.  E.  Coates,  ?'  _L.  H-  Green,  K.  Wade,  "Organometailic  Compounds," 

Vol.  I,  Methuen  and  Co.  Ltd.  London,  1967..  P*  76. 

2 

work  has  Lforded  v.s  compounds  which  would  be  the  obvious  precursors  to  Mg(AlH^)SH^. 

(2)  E.  C.  .  °hby,  R.  D.  Schwartz  and  B.  E.  James,  Inorg.  Chem. ,  9,  325  (1970). 
We  therefore  determined  „o  examine  the  possibilities  of  preparing  this  compound. 

3 

Recently  Rice  and  Ehrlich  reported  the  preparation  of  lithium  beryllium 

(3.)  G.  Rice  and  R.  Ehrlich,  1%  S.  Patent  3,333,137  (1968). 
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aluminum  hydride  [LiBe(AlH^)^].  We  have  examined  the  possibility  of  preparing 
the  compound  Mlg(AlH^)^  where  K  is  lithium,  sodium  or  tetraa Iky  la mmoniuin. 

Experimental  Section 

All  operations  were  carried  out  either  in  a  nitrogen  filled  glove  box 

b 

equipped  with  a  recirculating  system  to  remove  oxygen  and  water  or  on  the 

(4)  T.  I.  Brown,,  B.  W.  Dickerhoof,  D.  A.  Bafus  and  G.  L.  Morgan.  Rev. 

Scii  Instrum. ,  33,  491  (1962). 

bench  using  typical  Schlenk  tube  techniques.  All  glassware  was  flash  flamed 
ana  flushed  with  nitrogen  prior  to  use. 

Instrumentation.  -  Infrared  spectra  were  obtained  using  a  Perkin  Elmer  model  621 
High  Resolution  Infrared  Spectrophotometer.  Cesium  Iodide  cells  were  used. 
Spectra  of  solids  were  obtained  in  nujol  which  had  been  dried  over  sodium  wire 
ar.d  stored  in  a  dry  box.  : 

Xrray  powder  diffraction  patterns  were  run  using  a  Debye -Scherrer  camera 
of  114.6  nan  diameter  using  CuK^  (l.  5  OA)  radiation  with  a  nickel  filter.  Single 
walled  capillaries  of  G,^  min  diameter  were  used.  These  were  filled  in  the  dry 
box  and  sealed  with  a  raicroburner. 

Reagents.  -  Tetrahydrofuran  and  benzene  (Fisher  Certified  reagent)  were  distilled 
over  soditai  aluminum  hydridy  immediately  before  use. 

Mercuric  ha  tides  (Baker  Analyzed)  were  dried  under  vacuum  and  used  without 
further  purification.  Triply  sublimed  magnesium  was  obtained  from  Dow  Chemical 
Co.  It  was  ’washed  with  diethyl  ether  crd  dried  under  vacuum  prior  to  use. 

Sodium  aluminum  hydride  and  sodium  borohydriae  were  obtained  from 
Ventron  Metal  Hydrides  Division,  fhc  magnesium  halides,  magnesium  aluminum 


iwfi'ltlli’ 


hydride  and  chloromagnesius  aluminum  hydride  were  prepared  as  described  <‘:- 
2  -  -  '  :  ' 

previously. 

Tri-n-octyl-n-pfopyl  ammonitra  aluminum  hydride  w?s  also  prepared  as 
described  previously.^  9  -  s. 


(5)  R*  Ehrlich,  A.  R.  Your z,  and  2.  DC  perry,  Inorg.  Chem. ,  k,  758  (1965). 

Analytical  Procedures^  *  Halogen  analysis  was  carried  put  by  the  Volhard  method. 
Aluminum  analysis  was  carried  out  by  titration  with  HDTA.-;  ffegnepltim  analysis  ,, 
in  the  presence  of  aluminum' was  carried  out- :  by  masking  the  aluminum  with 
triethanol  amine  and  titratrrg  the  magnesium  with  EDT4.  Hvdridic  hydrogen  was 
measured  by  hydrolyzing  a  weighed  sample  on  a  high  vacuum  line  and  transferring 
the  gas  to  a  calibrated  bulb  via  u  Topler  pump  after  passing  the  gas  through  a  ^ 

r._  x  -  '  .  . 

liquid  nitrogen  ffap.  .  .  '  . \  -  '  c  .  ;  , 

Preparation  of  Chloroiaagnesiua  borohydride  in,  Tetrahydrofuran.  -  To  118.5  *1 
of  magnesium  chloride  in  IHF  \ 0.^322  ns)  was  added  2.5585  gia  of  sodium  box o- 
hydride.  The  section  was  stirred  for  two  days..  The  solution  was  then  filtered 
and  the  filtrate  analyzed  for  magnesium  and  chloride.  This  analysis  gave  £ 

Mg:. Cl  ratio  in  solution  of  1.00:1.0"?.  .The  ini' rare!  spectrum  of  the  solution 
showed  bonds  at  2175  and  2 380  cm;  ' 


(6): ».  E.  Pecker  and  F-.  c»  A?i±y,  Inorg.  Chen..,  loir-  (1965}* 


Preparation  of  efegnesium  Borohydride  Xu  Tetrahyirofuran.  -  To  55  ml  of  sagnesiva 
chloride  in  TKF  (0..3366  ar)  was  added  gin  of.  soli  js.  borohydride.  The 

-solution  was  stirred  for  two  da:,?  ar.d  -.ner,  1.  Anaivr-iz  of  the  filtrate 
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gave  a  Kg:  Cl  ratio  of  1.0:0,15-  The  infrared  spectrum  of  the  solution  gave 
bands  at  21?$  and  2380  cm  \ 

Reaction  of  Sodium  Sorohydride  and  Chloromagnesium  Aluminum  Hydride  in 
Tetrahydroi'uran.  -  To  75  ml  of  c-nloromagnesium  aluminum  hydrid.1  in  THF  (0.2.056  m) 
was  added  0.8348  gm  of  sodium  borohydride.  The  solution  was  stirred  for  two  days. 
The  solution  was  filtered  and  the  analysts  of  the  filtrate  gave  a  Mg:Al:Cl  ratio 


of  2.43 ;lc0:0.3-  The  infrared  spectrum  of  the  solution  showed  bands  at  2380  cm  \ 

-1  -i  -1  ~i 

2175  cm  and  1725  cm  ,  755  cm  ana  795  cm  .  2.8591  gm  of  solid  were  recovered. 
Analysis  of  the  solid  gave  a  Kg;Al:.Cl:H  ratio  of  1.0:1.75:2. 11:10.  The  infrared 
spectrum  of  the  solid  showed  a  band  at  1725  cm 

Reaction  of  Sodium  Aluminum  Hydride  and  Chloromagnesium  Borohydride . in 

Tetrahydrofuran.  -To  50  ml  o?  chloromagnesium  borohydride  in  THF  (0.4887  m) 

was  added  20.72  ml  of  sodium  aluminum  hydride  (1-179  m)  in  THF.  The  solution 

was  stirred  over  night.  The  solution  was  filtered  and  the  analysis  of  the 

filtrate  gave  a  Hg:AJ :C1  ratio  of  1.0:0. 37:0.26.  The  infrared  spectrum  of  the 

-1  -1  -T 

solution  gave  bands  at  2380  cm  ,  2175  era  ",  1720  cm  ,  795  cm  and  755  cm  . 

A  white  solid  from  the  filtration  gave  on  analysis  a  Kg:Ai:Cl  ratioof  1.0:1-55:1-88 
The  infrared  spectrum  of  the  solid  gave  bands  at  1725  cm  \  1025  cm  870  cm 
795  cm  *  and  745  cm  -  .  - 

Reaction  of  Magnesium  Borohydride  and  Magnesium  Aluminum  Hydride  in  Tetrahydrofuran. 
To  20  ml  of  magnesium  borohydride  in  THF  (0.3-  m)  was  added  1.884-3  ga  of 


Kg(AlH  )-gtTHF  and-  trie  solution 


of  the  solution  showed  bands  at 
172C  i-nf1. 


was  stirred  for  two  days.  The  infrared  spectrum 
2<co  -35  sr.d  2175  cb  with  s  weak  band  at 
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Reaction  of  Magnesium  Bcrohydride  and  Magnesia  Aluminum  Hydride  in  Benzene.  -  ; 

To  25  ail  of  magnesium  horohydride  as  the  THF  etherate  in  benzene  (0.3^  M)  was 

added  1.847k  gm  of  K^AIH^ )2* ^THF.  The  solution  was  stirred  for  two  days.  Hie 

“~1  "rX 

infrared  spectrum  of  the  solution  showed  bands  at  2380  cm  and  2175  cnf  A. 
Reaction  of  Tri-n-oc-tyl-n-gropyi  Ammonium  Aluminum  Hydride  and  Magnesium 
Aluminum  Hydride  in  Tetrahydrofuran.  -  To  65*82  ml  of  n-Get^-n-PrKAlH^  (0.1353  ®) 
was  added  3-3335  g®  of  Ms(a1H^ ) _ * <»THF-  The  solution  was  s t irrec  for  two  days 
and  filtered.  Analysis  of  the  filtrate  showed  no  magnesium  in  solution.  The 
infrared  spectrum  of  the  filtrate  was  unchanged  from  the  original  solution.  The 
analysis  of  the  solid  obtained  from  the  filtration  gave  a  Mg:Al  ratio  of  1.0:1.96. 
Reaction,  of  Tri-n-Octyl -n-Propyl  Ammonium  Aluminum  Hydride  and  Magnesium  A*  uginua 
Hydride  in  Benzene.  ■-  To  2.0560  ga  of  magnesium  aluminum  hydride  was  added  75  »1 
of  n-Oct^-n-PrRAlH^  in  benzene  (0.2  m).  The  solution  was  stirred  for  two  days 
at  room  temperature.  After  this  time  the  infrared  spectrum  of  the  solution  was 
the  same  as  it  was  at  the  start  of  the  reaction.  The  solution  was  then  refluxed 
ever  night.  _The  infrared  spectrum  was  still  not  changed.  The  solution  was  how 
filtered  and  the  filtrate  was  shown  by  analysis  not  to  contain  magnesia*.  Trom 
the  filtration  was  isolated  C.  1309  gm  of  solid.  The  infrared  spectrum  of  this 
solid  show  no  bands  corresponding  to  Ai-H  but  do  have  tre^d  bands  reselling 
magnesium  hydride.  Ihe  X-ray  powder  pattern  of  the  solid  shewed  lines  due  to 
magnesium  hydride.  £  - 


yhe  compound  ehiorosa gr.es i  ur,  si  .minus  hydrlae  obtained  from  previous  work'1 
sr-csKd  the  d vidus  precursor  to  tr.e  --cmrouns  '(=H  }.  Therefore  to  a  THF 

*■  *■  “  *  tfc  ’  *  4m  1  ■ 


solution  of  ClMgA.LH^  was  added  NabHj  in  one  to  one  stoichiometry. 

NaBHit  t  c.lMg/UH)(  -//»  BHJ(MgAlH4  +  NaCl  (l) 

A  white  solid. was  obtained  from  this  reaction  which  proved  to  be  a  mixture  of  1 
sodium  chloride  and  magnesium  alumirnmi  hydride.  The  infrared  spectrum  and 
elemental  'analysis  s hewed  that  '  he  so.lu' ion  contained  magnesium  boro'hydride. 

ChJoromagnesium  boro'hydride  hat>  teen  found  to  be  monomeric  in  refluxing 
THF. °  If  we  assume  that  it  is  still  monomeric  at  25°C  then  the  addition  of 
sodium  •aluminum  hyande  to  chloromagnesium  borohydride  should  yield  Mg(AlHj|)(BHi+). 

ClMgBH^  4  NaAlH^  -//»  BH^MgAlH^  +  NaCl  (2) 

However  this  reaction  afforded  a  solid  containing  sodium  chloride  and  magnesium 

£ 

aluminum  hydride  leaving  magnesium  borohydride  in  solution.  In  a  separate 
experiment,  magnesium  aluminum  hydride  and  magnesium  borohydride  which  had  been 
synthesized  independently  were  found  not  to  redistribute  in  either  THF  or  benzene 
solution.  It  therefore  seems  reasonable  to  assume  that  Mg(AlHi+)(BHJ+)  when 
formed  disproportionate's  to'  magnesium  aluminum  hydride  and  magnesium  borohydride. 

i( BH^MpA iiii+ )  -  ‘4'(BHJv)2  4  Mg(AlH^)2  (3) 

in  i9t,H  Rice  arid  Ehrlich  reported  the  preparation  of  lithium  beryllium 
aluminum  hydride  [l.iPe(AlH4)  ^  J  by  the  addition  of  excess  lithium  aluminum  hydride 
to  bet-y  i  i i tun  chloride.  Trie*  hy .1a mine  was  then  'added  and  over  a  period  of  seven 
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day,?  the  LiBe(AlH^)^  precipitated  from  solution.  In  our  studies*'  of  the  reaction 
ot  alkali  metal  aluminum  hydrides  with  magnesium  halides  in  ether  solvents  we 
examined  the  reactions  where  the  alkaiimetal  aluminum  hydride  was  added  in  excess. 
However,  we  were  not  able  to  isolate  a  complex  of  the  type  MMg(AlH1;)^.  Instead 

■'  the  solid  product  contained  a  physical  mixture  of  the  alkali  metal  halide  and 

T 

r 

magnesium  aluminum  hydride  and  the  excess  alkali  metal  aluminum  hydride  remained 
in  solution. 

n(MA!Hi()  4-  Mg(AlH4)2  M ^(AlH^ )?+n  (4) 

It  was  thought  that  perhaps  a  large  cation  would  stabilize  the  complex 
[MMg(A.lH^)^  J.  Trioctylpropylammonium  aluminum  hydride  therefore  was  mixed  with 
;  magnesium  aluminum  hydride  in  THF.  However,  after  stirring  for  several  days 

i)  -  only  unreacted  starting  material?  were  recovered.  A  similar  experiment  was  . 

i.  *  performed  in  benzene.  This  was  stirred  at.  room  temperature  for  two  days  after 
which  time  no  reaction  was  detected.  The  solution  was  tnen  refluxed  over  night. 

No  magnesium  was  detected  in  solution  however  the  weight  of  the  solid  had  been 

r  >4  _  5 

reduced  considerably.  The  Infrared  spectrum  of  the  solid  showed  no  bands  in 
the  Al-H  stretching  region.  Instead  it  corresponded  to  a  spectrum  of  magnesium 

hydride.  The  X-ray  powder  pattern  of  the  solid  confirmed  this  and  showed  lines 

>  4 

corresponding  to  magnesium  hydride.  The  infrared  spectrum  of  the  final  solution 

i 

was  however  unchanged  from  that  of  the  original  solution  of  the  trioctylpropyl- 
■  ammonium  aluminum  hydride.  We  are  currently  continuing  the  study  of  this  reaction. 

■;  NRjAIH^  t  Mg(AlH4)LJ|  **  MgH  ^  •*  NRuAlHl+«aUH-  (?)  (5) 

i;  • 

| 
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Concerning  the  Preparation  of  Beryllium  Aluminum  Hydride.  A  Study  of  the 
Reactions  of  Lithium  Aluminum  Hydride  and  Sodium  Hydride  with 
Beryllium  Chloride  in  Diethyl  Ether  and  Tetrahydrofuran. 

R.  Sanders  and  E.  C.  Ashby 

Abstract 

..Contrary  to  previous  reports  beryllium  aluminum  hydride  [Be(AlH^)g] 
could  not  be  prepared  from  the  reaction  of  either  sodium-  or  lithium  aluminum 
hydride  with  beryllium  chloride  in  diethyl  ether  or  tetrahydrofuran.  Lithium 
aluminum  hydride  and  BeCl^  in  2*1  ratio  were  found  to  react  in  diethyl  ether 
according  to  "'equation  (l)> 


I  2LiAlHu  +  BeCl2  -  BeH^  +  2LiCl+  +  2A1H3  (l) 

i  «.V 

I 

|  ; 

In  1:1  ratio  in  diethyl  ether,  evidence  has  been  found  for  the  reaction  scheme 
shown  in  equations  (2)  and  (3')» 

.  j 

I; 

;  *  •  LiAlH^  +  BeClg  -  l/?  BeH^  +  LiCl'J' +  A1H3  +  l/2  BeCl2  (2) 

\  X 

\  j  ■ 

;  BeC12  4  A1H3  ■  ®eCl  *  „;J.  (3) 


1; 


i 

V. 


In  tetrahydrofuran, 
to  react  according 
initial  product  was 
partially  dissolved 


both  jJAlHj^  and  NaAlH^,  in  2:1  ratio  with  BeCl^,  appear 
to  equations  (4)  and  (3).  No  evidence  for  Be(AlH^)2  as  an 
found.  The  insoluble  BeK^  product  of  equation  (4)  was 
on  prolonged  stirring  of  the  solution;  however,  the  soluble 
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••  T.AHT  •  !*•  ’I  ,  •  A  1  H_,  *  (U) 

«'i  lA  1H,(  •  Ben  ,  *  AiH  .  4-  U'LiCi*BeH./j  (5) 

product  wu:,;  contaminated  f  y  ret  ruliydrefTiran  cleavage  products.  The  data  for. 

r  ions  of  1  :iA1H,(  or  NaA.l  with  Bed  ,  in  1:1  ratio  In  *  etrahydrofuran  support 

the.  tic-tcri.  pile  tic  shown  m  equa*  ions  (t. )  arid  (7)« 

1  lA.l  Hi(  ♦  bed.,  -  AiH-  a  HBeCi.  +  LI  Cl  (6) 

NaAJH,  ‘  tv. * M  ,  -  AiH.  +  HbrCl  !•  NaC.1^  (7) 

Tn'  roi  i-  don  .  - 

There  .1.-  very  J  i 1  ’  I  *  pul  ).ish»-u  1  ,i  *  era  dre  which  defines  the  products 
of  ’lie  r-rac'.jon  of  complex  me'-il  hydride.;  ol  aluminum  such  as  LIAIH^  or  NaAlH^ 
with  tint-yi iium  haladcs  in  e * h-.-r  solve?:’..  Tn  i9l»l  Wit-erg  and  Bauer'*  reported 

(t)  fc'.  W.iher:g ,  h.  Hu'n-r,  Z.  NaJ_nrU'. ,  Ct,  i  V  i  (l9«l). 

ft ia '  t he  t  -a o'  ion  of  l.iAiH,  with  iv-'.U  m  methyl  ether  proceeds  as  shown  in 
epuj’r-ri  (a)  tf,  yield  Urvinum  -jl-.min.tn  tv.  iria-  Bc(AlH^)^  and  LiCl.  The 
ir.sf,  l-.it  ie  hi -Hi  was  r.-por'o:;  * .»  pr-mpi’u’e  from  so.iut.ion  leaving  dissolved 
Be(AiH;  )  .Vhicti  wa  .•  rcCi-vm  a  by  n.-mov  ; :  .  >  f  solvent . 

*  «  i, 

iAi H,  *  b-t'i  •  h.  U1H,  )  ;  »  wltd'V  (8) 

Best  Available  Copy 


Wood  and  tenner  reported  that  metastable  solutions  of 


(2)  G.  B,  Wood,  A.  Erer.ner,  J.  Eleetrochem.  Soe. ,  104,  29  (1957). 


could  be  prepared  by  eofcbiaing  liAiH|i  and  BeCI^  la  2:1  ratio  in  dietl$rl  ether. 

It  ns  reported  that  a  white  precipitate  formed  and  was  filtered  from  the 
solution  leaving  a  filtrate  having  the  elemental  analysis,  Be/Al/H  = 

C  -  '  ' 

1.0/1.82/9.2,  indicating  the  }  resence  of  Be(AlH^)g  in  solution.  The  product 
was  said  to  decompose  within  a  few  hours  at  the  boiling  point  of  ether.;  however, 
it  was  stable  for  several  days  at  temperatures  below  10*G.  The  solution  could' 
be  stabilized  by  the  addition  of  JfeCi^  or  AlCl^.  The  absence  of  data  other  than 
analysis  leaves  this  product  poorly  described;  The  decomposition  products  were 
not  characterized.  •  • 

''  .  3  :  '  t’ 

In  other  work-;,  the  reaction  of  LiAlH^  and  BeClg  in  2:1  ratio  in  diethyl 

ether  has  been  shown  to  yield  a  precipitate  of  LiCl  and  BeHg,  leaving  AlH^  in 
solution.  0  r  - 


(3)  C.  B.  Holley,  J.  f.  Lemons.  The  Preparation  of  the  Hydrides  of 
Magnesium  and  Beryllium.  Los  Alamo.  Scientific  Laboratory  Report,  IA-1^60, 
April  1,  1954. 


Belated  to  the  work  above  Is  the  reported  preparation  of  XdBe(A2%):. 

"  4  * 

which  has  been  described,  in  a  re  dent  patent.  <  This  coagiound  was  prepared  ?jy 


(4)  Q.  Bice,  B.  Ehrlich,  U.  S.  Intent  3,383,187,  May  14,  19 63. 


the  addition  of  LiAlH^  in  diethyl  ether  to- -a  slurry  of  BeClQ  in  a  mixture  of 


ether  and  hexane,  at  roomtemperature,  in  2:1  ratio.  Immediate  precipitation 
resulted  and  the  precipitated  solid  was  removed  as  soon  as  the  combination  of  . 
reagenvs  vat  completed.  After  addition  of  triethylamine  to  the  filtrate,  a 
solid:  having  the  fjpirieai  formula  iiBe(AlH^)^  precipitated  over  a  period  of 
seven  day  .  The  yield  <  j;  ca*  h  per  cent  based  on  BeClp.  The  compound  was 
characterized  Ly  elemental  analysis  and  characteristic  X-ray  powder  diffraction 
pattern.  An  explanation  of  the  results  claimed  in  this  work  may  he  formulated 
( equa tion  9)  based  on  the  results  reported  in  prior  art.  It  Be{  All!^ were 

r>  ,  ' 

;  .  .  •  \  «  c0  -  .  .  v  ,  i  =  *  •  • 

hlAM¥%  +■  2Bed2  -  [PeCAlfy >2  +  BeCl^  +  SUAl^  +  2LiCl]  (9) 

<T 

-*  LiBe(AiH4)3  +  1/2  BeHjfrt  Aii^  +  i/2  BeCip  *  3LiCl4^  ’ 

formed  initially  and  reeeted  preferentially  with  the  LiAlH^  reactant  to  forme 
stable  adduct,  the  complex  might  be  isolated  after  removal  of  the  insoluble 

-  t  -  r 

products.  The  addition  of  triethylaaine  to  the  product  solution  may  serve  to 
prevent  disproportionation  of  the  complex,  or  io  induce  precipitation  of  the; 
complex.  .  .  r. .  .  ;  '  _  • 

As  can  be  seen  from  the-  literature  cited  above,  there  are  conflicting 
descriptions  of  the  reaction  Of  LiAlH0  and '3eC!0  in  ether  solvents.  From 
analogous  studies'*  of  reactions  of  LoAlHj,  and  JfaAlH^  with  MgXg  (X  *  Cl,  Br,  I) 

(5)  E.  C*  Ashby,  R.  E-  Schwartz,  B*  D-  James,  Inorg.  Chem. 9.  325  (1970 

- - -  “t" - ~ -  C  - 

in  diethyl  ether  and  ietrafcydrofuran,  it  was  found  that  halogen  atoas  were 

'  \  ’  :  C  '  ; 

replaced  in  a  stepwise  fashion  in  a  simple  metathe-tical  exchange  process  to  yield 


-=  -  122 

“The  nature  of  the  products  vas  controlled  by  the 

6  7  7 

sc i vent  type*  Reaction  of  zi  cadsiua, 1  and  aercury 

(6)  E.  Wifcerg,  cf.  ’rfenle,  R-  saner Zeit.  Katurf.,  |b}  393  (1951)  ar‘d 
7b,  2h9  (1952). 

(7)  E.  Wiberg,  if.  Henle,  Zeit.  Katurf. ,  6b,  &cl  (1951)* 

halides  with  LLAlHj.  in  diethyl  ether  or  tetrahydrofuran  produced  only  the 
insoluble,  unstable  binary  hydrides  ZnH^,  CdH,^  KgHp  which  decomposed  to  the 
metal  and  hydrogen  sms  at  or  fceicw  rooa  temperature.  Aluaimac  hydride  was  left 
in  solution  and  it  was  postulated  that  hKAlH^)^  was  formed  as  an  intermediate, 
which  then  rapidly  decomposed  according  to  equation  (10).  The  reaction  of  3aAlS^ 

3 

and  CaCl2  in  2:1  ratio  is  reported  to  yield  Ca(AlHlf)2  and  SaCl. 

m(aih^)2  -  m2  +  aie3  (M  -  Zn,  Cd)  (10) 

(8)  British  Intent,  905,985  (19 62). 

Recent  Russian  work  ^  has  reporteo  the  preparation  of  IaAlglL^  and  LiAl^K^ 

(9)  T.  H*  Dymova ,  et  al.,  Bokl.  Aka  a  .  Nauk  SS5R,  1&*  (6),  1338  (1969)* 

in  diethyl  ether  according  to  the  stoichiometries  shown  in  equations  (ll)  and  (12). 

2  LiAlH4  +  BeClg  -  L-iAUH^,  +  HBeCl  +  LiCl 
-  3  LSA1%  +  BeCl2  -  LiAl^,  +  EeH2  +  2LiCl 


:  (11) 
(12) 


XMgAlK4  and/or  MeCAlK^. 
choice  cf  halogen  and  the 


r  12J: 

Hie  ec9©ound~  and  IiAl  «ere  reported  to  be  verjr  unsr  »lie  in  ether 

c  /  3  =  1 

tu£  somewhat  r*re  stable  in  the  soli-;  state  as  crystals. 

Since  \  ie  published  data  are  is  disagreesent  concerning  t  Jt  course  of 
the  reaction  when  and  BeCi.  are  ocafcined  in  diethyl  ether,  this  reaction 

-4  i  : 

was  reexamined  in  an  attempt  ~o  clarify  the  conflicting  reports.  The  reaction 
of  LiAlH^  and  JkAiHj  with  BeCi,,  in  tetrafaydrofarsn  solvent  was  also ’studied*. 

Using  elemental  analysis,  infrared  sp?  r.roicepy  and  X-ray  powder  diffraction. 

^techniques  the  abo^e  ij  stems  were-  st -diet  in  an  attempt  to  characterize  ,ce 

:  •  :  -  -  '  ♦  / 

reaction  products..  -  -  _  y 

Sxperiishtal  Section 
v  Regents 

Beryllium  astai  was  o&tair.ed  from  the  Brash  BeryiliiSK  Ccsps;  y>  JEiaore, 

Ohio.  The  metal  was  in  the  fora  of  high  purity  eieetrorefined  flake.  Purity 
assay  is  given  in  Part  I. 

Chlorine  gas  was  Jfcfhescn  high  purity,  used  without  farther  purification. 
All  solvents  were  distilled  ay  atmospheric  pressure  from  LiAlH^  Vcile^-Byl  f 
ether)  or  HaAlKif  (kensene,  te *  rahy dro f ura n  )  immediately  before  use.  " 

LiAlK  and  {feAlH,  wer*  obta^eed  as  gray,  lumpy  solids  -from  Ventron, 

Metal  Hydrides  Division. 

Analytical 

Aluminum  was  deter&inea  by  a  tack-titration  method  at  pH  4  using  -  - 
dithizone  (diphenylihiocarbazone)  as  the  indicator.  To  the  sample  was  added  10 
per  cent  excess  standard  EDTA  solution,  followed  by  adjustment  of  pH  using  dilute 
(i:l)  ammonium  hydroxide  until  the  solution  was  just  alkaline  to  nethyl  red.  The 


solution  was  lues  r  lit;?,  for  two  Minutes,  ocoled  to  room  tes^jerature  or  'below, 

«r»d  approximately  ic  si  of  rK  **  coffer  was  added.  Ethanol  was  inen  added  to  giYe  -  - 
ca.  *0-$O  per  cent,  by  volume,  ethanol.  After  diihizone  indicator  was  added,  - 
the  $3®pis  was  titrates  with  i-tandard  zinc  ?eerate  solution  to  an  equivs ? ence 
point  signified  by  a  color  change  froa  fciue-g>.,eep  to  pink.  Beryllium  in  "~r  _ 
equimolar  amount?  does  sot  interfere. 

Beryllium  was  determined  graviaetrieally  by  precipitation  as  the  hydroxide, 

s 

followed  by  ignition  to  the  oxide  at  106C*C  for  one  hour.  Aluminum  interference 
was  prevented  by  the  addition  of  an  excess  of  ETTA  which  complexes  the  aluminum 
:  and  prevents  its  .precipitation  at  ^fce  nyiroxide. 

Analysis  for  chloride  was  done  using  the  -acidified  Volbard  procedure. 

Chloride  was  precipitated  as  AgCl  by  the  addition  of  excess  standard  AgSC^.  Benzyl 
alcohol  war  added  to  cost  the  halide  precipitate  and  the  solution  was  back-titrated 
with  standard.  KCfB  using  ferric  ion  as  the  indicator. 

Hydrogen  analysis  was  aceoepizs'rted  by  acid  hydrolysis  of  a  weighed  amount 
of  saspie  ana  collecting  the  evolved  gas  in  a  calibrated  gss  buret.  Hydrolysis  : 
was  carried  out  in  an  organic  diluent  (diglyme  or  benzene)  to  moderate  the  reaction. 
A  dry  ice  trap  prevented  any  condensable  vapor  from  entering  the  measuring  volume. 

- : :  5  ■ ,  Preparative  Methods 

All  operations  were  carried  out  under  an  atmosphere  of  dry,  oxygen-free 
nitrogen  in  the  ary  box  dr  using  bench- top  inert  atmosphere  techniques.10 


(10)  f.  F.  Sfcriver,.  The  Manipulation  of  Air  Sensitive  Compounds ,  McGraw-Hill 
Bock  Co.:,  jtev  York,  1969,  Chapter 


Star-fart  J.autighu  rv/ipKx  i  ifcrdrid^s 

Solutions  of  I-ivW^  ?i  aietfeyi  ether  ursd  tethhydroftm  end  sciatica* 
of  BaAiH*  Jr*  tefrair/frofuras  vtrc  preps re a  by  if  iiging  the  solid  hydride  for  2^ 
hours  with  the  appropriu’e  sci^tav,  fc.Uo»-£7  ty  fliers  flop,  to  yield  a  clear, 
colorless  so-uticn.  Tuese  reactant  soi;itie&;  were  stand* rdired  by  si- manual 

lUSt  'r“r‘^t  3  ^ii*sny3i  rr.  —  -7l;  : 

-  Beryllium  ”  --•  _  *'  ’-  ;  . 

^rBrii  rs ioride  v*j  prepared  using  a  hot  tufce  ceactien  described  earlier 

(xi)  -;*.  R.  Isodtr;  *nd  K.  C-  Aslt  ,y  J.  A*.  Ctess>  Soc.,  2£,  6385  (1968). 

Argon  wa*  used  a;-  a  *i#mer  gas  instead  of  nitreger,,  resulting  In  as  s^Wft 
quantitative  yield  of  Bsci..  To  prepare  the  t titrates  cf  BeCl^,  *  quantity  of  ' 
the  unsoivyted  halide  was  suspended-  in  dry  benzene  5^37  the  nis*^re  cooled  in  as 
ice -water  Beth*  A  quantity  (fOper  cent  excess  based  on  the  bis  -solvate)  of  dry 
diethyl or  'eorahyurof uran  vat  added  slowly  a£  the  mixture  ws  stirred.,  flic 
solvated,  crystalline  reCig  was  recovered  by  filtration  and  dried  at  reduced 
pressure.  Analysis  for  BeCI-t^lHF  gave  the  following  results:  Be-  found  3*93Jf, 
calc.  4.92%;  Cl-  founa  39.93k  cilc.  3i-d£.  For  BeCt/SEt  jO  the  results  mere: 

Be-  found  3* Sol,  calc.  j.9uk  Ci-  found  30.^,  tale.  31.1&.  Infrared  and  X-ray 
powder  diffraction  oa'a  were  recorded. 

LiAihf  +  ReCi  ,  >n  2:i  E=stdc'ir,  luerfeyi  ether 

.  ..  —■■■<•*  •■-  '  -■-  ■  —  ■  -I-—,  - - - ;•  .tJi.  ml 

To  32.29  amoles  of  Bed.  ir.  250  si  cf  diethyl  ether  mss  aded  64.58  mmoles 

*2  2  :  i  ‘  ; 

of  LiAlH^  solution.  The  solution  was  cooled  in  an  ice-uater  loth  as  the  hydride 
addition  was  m*de.  A  white  precipv  formed  at  once  and  increased  in  volume 


as  nor#  LIAlj^  vj,?  aided.  f he  aixturs1  atifi-ert  f  jr  I>  sours  and  ri*.U  r«c 
through  s  glass  frit,  jrisidisg  i  urate  restates  and  a  colorless ,  clear  filtrate. 
Idml  of  solvent  froa  the  filtrate  yielded  a  «da.ie  powuer. 

Analysis  of  the  insoluble  residue  isaiesxei  the  following:  H-  2.6^, 

Be-  7.72$,  Al-  t».A3f&,  Cl-  ffee  X-ray  povler  diffraction  patters  contained 

only  lines  arising  fro*  LiCl*  Hrf  infrared  spec  **aa  (sutol  Kill)  exhibited 
very  fcor&d  absorption-  at  1755,  e».  i5?>,  ad  7o&  c*~^. 

Anaiysis  of  the  ether-soluble  fraction  gave  the  following  results: 

S-  5*99^,  Ii-  0.751,  Ai-  50.21;  no  fceryiiiu*  or  chloride  was  recovered  1c  this 
kterisl.  The  powder  diffract f>„*n  pattern  contained  no  lines  attributable  to 
lid  or  starting  aalerials.  the  infrared  spectrta  of  a  nujol  anil  of  this 
aaterial  showed  the  foil  owing  absorptions:  1755  {s,v.fcr.),  1660  (s,v.br.  }, 

1022  (*).,  T20  (s,br. ),  6C*>  (a).  - 

_  •  -  V 

A  siailar  experiaest  was  performed  at  -?8#C,  stirred  at  this  temperature 
fOr  60  ainutes  sod  filtered  in  the  cold.  Agaln^  a  white  residue  was  recovered, 
leaving  a  clear,  colorless  filtrate.  Analysis  of  the  insoluble  residue  gave  the 
following  results:  fie-7.50^,  Al-8-55^,  fi*6P.^.  foe  infrared  speetrw* 

of  a  nujol  gull  of  the  insoluble  residue  give  the  following  absorptions:  1750 

_  .  -  c 

(s,v.br. },  1350  (s,v.br. ),  765  (a.v.br*),  316  (s,br.  )«  foe  X-ray  powder  diffraction 
P»tte*-n  indicated  no  lines  other  than  those  arising  froa  LiCi.  foe  solid  isolated 
by  removing  solvent  froa  the  ether-solshie  fraction  of  this  reaction  gave  the 
analysis:  H-5.9^,  M-C.7&,  A2 -50»2jt,  again,  noberylliu*  or  halogen  was 
found,  flie  infrared  spectra*  had  absorptions  at:  1773  (a,v.br»),  160C  (s,v.br. ), 
1G20  (s,fcr.),  7^0  (t,fcr. ),  *j$7  {s,br.  ).  The  X-ray  powder  diffraction  pattern 


127 


drowei  no  lines  sttrilu^bk  lid  nr  starting  wat  crisis#  BecoTtry  of 
eie*er.'£  fro*  reaction  xv-rj/ea  35  to  9£  per  cent.  :  :  r 

i  ?uilifcra?  son  of  a  2;I  »ia- jre  of  LiATjt  and  BeT-I^  in  diethyl  ether 
for  13"  toosrs  at  yielded  predate  with  infbsred  spectra  identic*,  to 
t-fee  pr«iu^>  isolated  when  reaetior  mixt'-xe  **£  worked  up  iwediatcly, 

Zhe  X-*  ay  feeder  f*"en*  of  *fcs  ,j  -c;-i  ^rr  predict  txhititei  only  lines  of  LiCl# 


to  2  stifred  suspension  of  10.8  ~  imoiez  of  SeCi  *27iiF  is  I5C  el  of 

*5 

tetiafevfirvf^ r;,  ewleJ  to  is  as  ice-sster  ists,  ns  taiec  ^  Boole* 
of  jiakiH^  -aniutio*:-.  An  mediate  pr-c-ipl*s*  ion  remlted.  After  stinii^ 

-for  30  iisutes  at  0*0,  tfe  mixture  we 5  filtered  in  the  cold  yieliicg  *  iAite 
residue  srsi  clear,  colcadess  filtrate.  Ee*cval  of  tetrabydrofursc  firsa  this  ^ 
filtrate  at  reduced  pressure  prod*icea  =  whi*e  solid. 

Analysis  of  the  ijssol-icie  fraction  of  this  reaction  indicated  the 
fallowing  deposition;  H-i#3fc%,  Be -5# 64,  AI-I-94,  Ci-*£.9&.  3be  X-r*y  powder 
-  diffraction  pst'em^r  tfci?  saple  contains  fire  isiidentified  lines  in  addition 
to  those  arising.  from  3*0-  j.e  infrared  spectrum  of  a  nojol  dell  of  this 
saple  exhibited  the  fcilowing  absorptions;  1710  (s,T.br#),  1350  (s,r.br. ), 

1020  (w),  815  (s,v.tr.). 

-  Analysis  of  the  residue  frees  the  soluble  fraction  cf  this  reaction  shows 

tbe-  composition;  H-  3#,>4,  £--C#3<*9<,  Al-36.4,  Cl-0.763^.  Ihe  X-r*y  powder 
diffraction  pattern  of  this  sasfcU  had  many  lines,  fcu*-  none  due  to  BeCl,,* £mtlr. 

Ihe  infrared  spectra*  cl  a  nujoi  sull  scows  absorptions  a t  tbe  following  positions: 
1800  (s,br.),  1635  (s.v.fcr. },  1015  (s,br. }.  t 
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This  react  ion  wjs  repf-a ted  and  t  tx  products  stirred  together  at 
room  nemporature  for  a  period  of  time  to  allow  po esih.u.  product  redistribution. 

To  10.39  mmolet  of  HeO.1  •o’THF  mV  ml  of  vetrahydrofuran  was  added  20»77  mmoles 

ci 

of  NuAlH^.  The  reaction  was  jn:;t  ja*ed  i*  room  temperature,  producing  an  immediate 

white  precipitate,  and  the  mixture  was  stirred  for  92  hours.  At  the  end  of  the 

equilibration  period,  no  obvious  further  solubilization  had  occurred  and  the 

mixture  consisted  of  a  fine  white  solid  suspension.  Filtration- of  this  mixture 

produced  a  white' residue  arid  a  colorless  filtrate.  Infrared  examination  of  the 

filtrate  showed  the  following  absorptions  (THF  bands  deleted):  16’4o  (s),  793  ( s ) , 

726  (s).  Nmr  spectra  of  the  filtrate  indicated  nothing  other  than  solvent  over 

a  950  cp.s  sweep  width.  Removal  of  solvent  from  this  filtrate  yielded  a  white 

solid  whose  analysis  was:  H-3*39$,  Be-,3.7 Ot>,  A 1-25*6$,  Cl-2.59$*  A  nujol  mull 

of  this  solid  had  absorptions  in  the  infrared  at:  l8i6  (s,br.),  1606  (s,v.br. ), 

1350  (m,br. ),  1170  (w),  1120  (w),  .1017  (w),  969  (w),  846  (w),  7^0  (m,br.),  671  (w). 

The  X-ray  powder  diffraction  pattern  of  this  solid  consists  of  four  lines  also 

found  in  the  product;  resulting  by  removing  solvent  from  the  reaction  mixture 

2LiAlHj+  +•  BeC.L^  in  tetrahydrofuran. 

The  insoluble  residue  of  this  reaction  had  the  analysis:  H~0.649$, 

Be -2. 77$  >  A1-1.80$,  01-44.2^,  Hie  infrared  spectrum  of  8  nujol  mull  of  this 

solid  had.the  following  absorptions:  1 805  (s,br.),  1683  (s,br. )t  1544  (s,br. ), 

* 

1322  (m,sh),  12.38  (w),  i i;jO  (m),  1058  (m,sh),  1029  (e),  986  (m),  967  (m),  855 
(3, hr.),  764  (e,br. ),  72j  (s,b r. ).  The  X-ray  powder  diffraction  pattern  contains 
the  NaCi  pattern  plus  a  faint,  inaieMnct  line  found  in  the  pattern  observed  above 
for  the  soluble  portion. 
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Ar:  attempt,  was  made  to  detect,  the  presence  of  butoxy-alane  species 
in  the  sol ub.'le  2:1  product  which  uad  been  equilibrated  for  92  hours.  Acid 
hydrolysis  of  the  colid,  followed  by  benzene  extraction,  of  the  hydrolysate, 
conf  irmed  v.he  .presence  of  1-hu4  ano.l  when  the  extract  was  examined  by  vapor 

phase  chromatography.  The  estimated  aluminum/butanol  ratio  was  slightly  greater 

•  .  *  '  ■!»  " ' 

Ui-iti  one.  •  :  '  ' 

bed...  in  2:1  ratio  m  Tetrahydrofuran 

.‘o  32.1  mmoles  of  BeCl  "2THF  suspended  in  200  ml  of  dry  tetrahydrofuran 

d 

wus  added  64.L’  mmoles  of  l.iAl'H^.  No  heat,  of  reaction  was  noted,  but  most  of  the 
suspended  h». ! idc.  dissolved  immediately  leaving  a  slightly  turbid- solution. 

Stirring  at  2YC  for  48  hours  produced  a  completely  clear,  colorless,  homogeneous 
solution.  Removal  of  solvent  until  the  volume  was  100  ml  caused  no  change. 
Approximately  100  mi  of  dry  benzene  was  distilled  into  the  solution,  causing  the 
appearance  of  a  white  precipitate.  After  removal  of  50  ml  of  solvent  by  reduced 
pressure  distillation,  the  solution  was  filtered  to  separate  the  white  insoluble 
residue  from  the  clear  filtrate.  The  residue  was  shown  to  be  pure  LiCl  (26  mmoles) 
by  infrared  and  powder  diffraction  examination.  Evaporation  of  the  remainder  of 
the  solvent  produced  a  gummy  residue  which  solidified.  The  X-ray  powder  diffraction 
pattern  of  this  solid  showed  the  presence  of  additional  LiCl  plus  nine  other 
weak  lines  which  could  have  arisen  from  a  trace  of  BeCl2*2THF  or  LiAlH^nTHF.  The 
infrared  spectrum  of  a  nujoi  mull  of  this  material  showed  the  following 
absorption  pattern:  1802  (s),  102.3  (m),  H4o  (m),  752  (3) ,  725  (s),  623  (w) , 

828  (w).  '  •  y  ': ' 

Readdition  of  .100  ml  of  benzene  to  the  product.,  -  followed  by  vigorous 
stirring,  caused  dissolution  of  some  of  the  solid  material.  Filtration  yielded 

Rpct  /V,v8.!!??b!o 
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a  ■while  residue  and  a  colorless  fil irate.  The  X-ray  powder  diffraction  pattern 

of  the  white  solid  indicated  the  presence  of  LiCl  plus  lines  found  in  the  original 

sample  before  benzene  addition.  The  infrared  spectrum  of  this  solid  has  the 

following  absorptions:  1812  (s,br. ),  161b  (s,v.br.),  1236  (m,br. ),  1071  (m), 

1028  (m),  899  (m),  843  (m),  793  (s),  605  (s),  934  (s).  Removal  of  benzene 

solvent  from  the  filtrate  produces  a  gummy  solid  which  would  not  solidify  after 

-5 

prolonged  pumping  at  10  mm  pressure,  and  for  which  no  diffraction  data  could 
be  obtained.  The  infrared  spectrum  of  a  nujol  mull  of  this  material  was  the 
same  as  that  found  for  the  original  material  before  benzene  addition,  with  the 
appearance  of  a  broad  band  of  low  intensity  at  1619  cm  \ 

Analysis  of  the  benzene-insoluble  portion  of  this  reaction  gave  the 
following  values:  H-l.  86$,  Al“17*0$,  01-37*4$.  Analysis  of  the  benzene-soluble 
product  indicated  the  composition*  H-l. 68$,  Be“4.4'7$)  Al-l6.6$,  01-1.88$. 

The  2:1  reaction  between  LiAlH^  and  Bed2  In  tetrahydrofuran  was  repeated 
under  conditions  designed  to  minimize  solvent  cleavage.  To  12.37  mmoles  of 
BeCl2*2THF  Vas  added  24.74  mmoles  of  LiAlH^  in  229  nil  of  tetrahydrofuran.  The 

reaction  mixture  temperature  was  maintained  at  O’C  with  vigorous  stirring  for 

*  ,/ 

15  hours,  producing  a  slightly  turbid  solution.  The  turbidity  vanished  when  the 
mixture  was  stirred  at  roomitemperature  for  two  hours.  Solvent  was  removed  by 
reduced  pressure  distillation  at  low  temperature.  The  solution  remained  clear 
until  a  volume  of  30  ml  was  reached,  where  a  steadily  increasing  amount  of  solid 
began  to  precipitate.  The  final  product  was  a  white  solid  and  was  evacuated  for 
12  hours  to  remove  excess  solvent.  The  Infrared  spectrum  of  a  nujol  mull  of  this 
mater _al  had  the  following  absorptions:  I808  (s,br.),  1 6l6  (m,v.br. ),  1017  (s), 
892  (m)-,  730  (m),  621  (m).  The  X-ray  powder  pattern  of  this  solid  contains  LiCl 


lines  plus  other  well-defined  lines  which  match  the  corresponding  sample  from 
the  previous  reaction,  with  the  exception  of  four  weak  lines. 

The  reaction  in  the  preceding  paragraph  was  repeated  and  the  residue 
isolated  by  solvent  removal  was  extracted  with  benzene  at  room  temperature  for 
one  hour.  A  white  suspension  resulted  and  filtration-  produced  a  white  residue 
and  a  clear  filtrate.,  The  infrared  spectrum  of  the  insoluble  residue  exhibited, 
the  following  absorptions:  1765  (s,br.),  1350  (m,br.-)_,  100?  (w),  84-1  (w,br. ), 
1713  (w):,  669  (s),  400-200  (s,br.).;  Evaporation  of  benzene  from  the  filtrate 
produced  a  white  solid  with  the  following  analysis,:  H-3 A 1  -28. 5$, ;  Cl-5*22^, 
beryllium  concentration  was  too  small  to  measure  accurately;  no  lithium  was 
found  by  flame  photometric  analysis.  The  infrared  spectrum  of  this  product  had 
the  following  absorptions:  broad  strong  absorption  from  2000  to  13 00  cm  "S 
1169  (w),  1079  (m),  910  (w).,  716  (v),  669  (w),;  246  (m). 

LiAlH,(  *  BeCl^  in  1:1  Ratio  .in  Tetrahydrofuran 

LiAlH^  (28.9  mmoles)  was  added  dropwise  to  a  stirred  suspension  of  28.9 
mmoles  of  BeCl^  in  200  ml  of  tetrahydrofuran  at  25°C.  The  suspended  crystals  of 
BeOl^* 2THF  dissolved  immediately,  leaving  a  slightly  turbid  solution.  Stirring 
for  15  hours  yielded  a  perfectly  clear,  homogeneous  solution.  Distillation  of 
150  ml  of  benzene  into  the  reaction  mixture  left  it  unchanged.  Removal  of 
solvent  at  reduced  pressure  until  the  uotal  volume  is  approximately  20  ml  caused 
the  appearance  of  a  precipitate  which  was  identified  as  LiCl  upon  isolation.  - 
The,  filtrate  precipitated  more.  tiCl  on:  standing.  Removal  cf  the  remainder  of 
the  solvent  yielded  a  gummy  solid  which  solidified  after  prolonged  pumping  at  0.5 
pressure.  The  infrared  spectrum  of  this  solid  had  absorptions  at?:  1877  (®), 

1802  (s),  1781  (s),  I6I8  (m,v.br. ),  1233  (w),  1170  (w),  1115  (v),  TOb'O  (m). 


1028  (s),  967  t's),  $HS  (w),  875  (w),  754  (m),  65 7  (m),  580  (w)„  460  (in).  The 
X-ray  powder  pattern-  indicated  the  presence  of  MCI  plus  many  additional  lines 
which  did  not  match  BeCl2*-2THF. 

The  addition  of  60  ml  of  dry  benzene  to  this  solid  produced  a  white 
slurry  which  was  stirred  for  several  hours  and  filtered.  The  white  residue 
obtained  had  the  following  infrared  spectrum:  i860  (w,br. ),  1830  (w,br. ), 

1539  (3, or. ).,  II89  (m,br. ),  1122  (v),  1062  (m),  998  (w),  97?  (w),  898  (m), 

803  (w),  724  (s),  563  ( s) ,  338  (w).  The.  X-ray  powder  diffraction  pattern  indicated 
the  presence  of  MCI  plus  seven  unidentified  lines.  Analysis  of  the  solid  indi¬ 
cated  the  composition:  H-i.2 Be-0.76'$,  Al-i3.4$,  Cl -35. 42^.  Removal  of 
benzene  from  the  filtrate  yielded  a  gummy  solid  which  would  not  solidify  with 
prolonged  pimping  at  reduced  pressure  with  heating  (65°C,  24  hours).  Slight 
discoloration  of  the  material  was  noted  along  with  some  gas  evolution,  and  the 
product  was  finally  characterized  as  a.  plastic  mass.  Analysis  of  this  product 
gave  the  following  values:  H-O.716#,  Be-4.70j&,  Al-10.2*,  Cl-16.1^.  The  infrared 
spectrum  of  a  nujol  mull  of  this  product  before  heating  at  reduced  pressure  was: 

1876  (s),  1310  (s),  1780 ;(sh),  1312  (w),  126?  («:),  1240  {w),  1169  (o),  H53  (v), 

1116  (a);,  1060  (s),  1028  (s),  965  (»&  948  (w),  90l(w),  843  (v),  760  (w,br.), 

722  (w,br.);?  664  (v),  570  (v,.sh),,  463  Os).  The  infrared  spectrum. of  a  nugol  mull 
of  the  same  sample  after  heating  and  evacuation  shows  the  following  absorptions: 

1876  ;s,br.),  1803  (s, sh 5.^134^  (w),  1306  (w),  1258  (m);,  1238  (m),  1166  (s),  1114  (m), 
IO56  (s),  1023  (s,br,),  959  (s, hr),  898  (m),  826  (s,br),  642  (s, hr).,.  573  (»,sh). 

525  (m),  458  (s). 

C  -  - 

The  reaction  was  repeated  in  tetrahydrofuran  at  0°0  using  8.46  mmoles  of 
EeClg  and  8.46  mmoles  of  MAIH^  in  15P  ml  cf  tetrahydrofuran.  The  mixture  was 


stirred  for  15  hours  at  Cf'C  yielding,  a  slightly  turbid  solution..  Removal  of 
solvent  at  reduced  pressure  caused  no  solid  precipitation  until  approximately 
50%  of  the  solvent  had  been  removed..  The  final  product  of  solvent?  removal  was 
a  gummy  solid.  Thirty-nine  hours  of  pumping  at  reduced-pressure  (Oil  mm,  25®C) 
yielded  a  plastic  solid  whose  infrared  spectrum  was:  1778  (vs,br),  1575  (sh), 

1237  (a),  It 70  (3),  1110  (w),  1005  (s),  960  (m),  920  (s):,  8to  (s,br.).  Continued 
pumping  (?b  hours)  finally  yielded  a  white  powder  whose  infrared  spectrum  as  a 
nujol  mull  was  the  following:  1802  (s,br. ),,  1619  (s,br. ),  ^57  (w),  plus  an 
irregular  baseline  which  showed  no  definite  absorptions.  The  powder  diffraction 
pattern  of  this  solid  indicated  the  presence  of  LiCl  plus  11  additional  lines  which 
do  not  match  BeCl^/STHF. 

NaAIH^  +  BeCl^  in  1:1  'Ratio  in  Tetrahydrofuran 

To  a  stirred  suspension  of  15*6  mmoles  of  BeCl^*2THF  in  150  niUpf  tetra¬ 
hydrofuran  was  added? 15*6  mmoles  of  NaAlH^.  The  reaction  was  cooled  in  an  ice- 
water  bath  as  the  addition  was  made,  and  the  mixture  was  stirred  for  30  minutes 

*  *  "  -  C 

prior  to  filtration.  A  white  precipitate  formed  as  the  reagents  were  /combined. 
Filtration  produced  a  white  solid  res idtie  and  a  clear  filtrate.  Removal  of 
solvent  from  the  filtrate  by  reduced  pressure  distillation,  in  the  cold,  gave  a 
white  solid. 

Analysis  of  the  insoluble  product  gave  the  following:  H-0.80$j#,  Be-2.9^, 

=  •  s. 

Ai~3.29j£,  The  infrared  spectrum  of  a  najol  mull  of  the  solid  had 

absorptions  at  the  following  positions?;  1729  (s,br. ),,  1350  (m, v.br. ),  1011  (s),  : 
955  (w),  912  (v),  863  (s),  730  (m>br.  /,  5^2  (m,br. ).  The  X-ray  powder  diffraction 
pattern  shows  the  presence  of  BeCl^'lTHF  and  NaCl  with  three  unidentified  weak 
lines.  Analysis  of  the  solid  isolated  from  the  soluble  portion  of  the  reaction 
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mixture  indicated,  "the  following  composition:  .  H-2  72&,  Be-4.08jj&,  Al-21.2^, 
Ci-15»8^»  The  infrared  spectrum  of  a  nujol  mull  of  this  solid  had  the  following 
absorptions:  1874  (s.br.),  1573  (-s,-v.br.),  1160  (a,biy),  1019  (s,br. ),  950 
(s,br. ),  829  (s,br.),  712  (s,br.),  649  (s,br.),  452  (m,br.),  369  (w),  343  (w\ 

The  X-ray  powder  diffraction  pattern  of  this  solid  does  not  confirm  the  presence 
of  BetSLg'STHF  Or  IfaCi,  but  las  many  lines.  f  -- 
LiAIHi[  +  BeCl^  in  1:1  Ratio  in  Diethyl  Ether  i 

LiAlH^  (25.03  nmoles )  was  added  dropwiseto  25*03  mmoles  of  BeClg  in  250  ml 
of  diethyl  ether  at  0"C.  A  precipitate  formed  immediately.  Stirring  for  18 
hours  produced  a  clear  supernatant  solution  over  a  flocculent  precipitate. 

.  Filtration  yielded  a  white  solid  and  a  clear  filtrate.  Removal  of  solvent  from 
the  filtrate  produced  a  clear  glass  puddle  Which  disintegrated  upon  further 
:  evacuation  to  a  powder  having  a  crystalline  appearance. 

?  Analysis  of  the  insoluble  material  from  this  reaction  gave  the  following 
.  results:  Ht2.4#)(,  Be -8.31$,  Ai-3.25$>  01^62.2$.  The  powder  diffraction  pattern 
:  of  thf.  solid  indicated  the  LiCl  pluo:  yift.ee  additional  weak  lines.  The 

infrared  spectrum  of  a  nujol  mull  of  this  solid  had  the  following  absorptions :  : 

'  7 1758  (s,v.l)r.),  1350  (»,v.br.  )/  1022  (w),  778  (m,v,br. ).  Analysis  of  the  soluble 
product  indicated  the  composition: -  K-2.65$,  Be-3.5$j&,  Al-2|.0$,  Cl-2o.l$. ;  The 
infrared  spectrum  of  a  nujoi  mull  of  this  product  exhibits  absorptions  at: 

5.  strong>=br6ad  band- from  2200  to  1200  cm-*,  1190  (w),  1150  (w),  1091  (w) ,  1023  (v), 
973  (w):»  890  (w),  844  (w)s,  760  (w),  600  (v,br.),  444  (w).  The  X-rey  powder 
pattern  consisted  cfbfour  diffuse  lanes  which  match  those  found  for  the  2:1  case , 
soluble  species. 
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Hie  reaction  Aas  repeated  at  -v3’t  -ue.-ing  22.7  mmoles  of  BeClg’SEt^  / 
and  22.7  mmoles  of  LiAlH^  m  200  ml  of  diethyl  ether.  Again  a  precipitate 
formed  immediately.  After  . stirring  fcr  45  minutes,  filtration  in  the  cold 
produced  a  white  solid  and  a  clear:  filtrate.  Removal  of  the  solvent  from  the 
filtrate  produced  a  white  solid.  - 

Analysis  of  the  insoluble  residue  gave  the  following  composition: 

H-2.08£,  A-1-3.^4,  Ci-5o.i|.  Ine  infrared  -spectrum-  of  a  nujol  mull  0 

of  the  insoluble  solid  had  the  following  absorptions:  1765  (s,v.br. ),  1350 
(m, Vibr. }-,  1190  (w)r,1150  (w),  1085  (v),  1017.  (-m),  89O  tw),:84l  (w=),  773  (-■)-. 

The  X-ray  powder  pattern  showed  the  LiC-1  pattern  plus  one  weak,  unidentified 
line.  The  solid  isolated  from  the  soluble  portion  of  this  reaction  mixture 
gave  tne  analysis:  Be-JL.-08£>,  a1-28.2$,  Cl-24.0£,  The  infrared  spectrum 

of  a  nujol  mull  of  -this  solid  exhibited -absorptions  at:-  J.851  (m,:v.br,  ),  .1615 
(m,v.br. ) ,  1257  (>’)•  1137  (w),  114*  (w),  I086  (w),  1014  (w),  968  (w:),  888  (v), 

730  (m,br. ),  620  (w),  443  (y }.  The  X-ray  powder  diffraction  pattern  contains  0 
four  weak  lines.  :  , 

Sol- *on  Spectra:  UA1H»  "  Bed.  in  IieTpyl  Ether  -  '  '  ' 

Molar  increments  of'  TiAiK,t  were  added  to  9-23  jmaoles  of  BeCl^  dissolved 
in  50  ml  of  diethyl  .ether.  After  the  hydride"*  addition,  the  mixture  was  stirred 
for  31  minutes  to  1  he ur,  the  precipitate  allowed  to  settle.,  and. samples  (1  ml) 
of  the  clear  supernatant  were  withdrawn  rv  syringe  i'or  infrared  examination. 
Absorptions  at  1:1  ~  hydride  halide  rcrie  were:  (solvent  bands  omitted)  1848  (s)* 
1787  (s ) ,  1633  (w),  964  (m) ,  904  (mi,  (s ).,  '-'i2.  (s),  5*69  (wl,  502  (w).  These 

Ci 

bands  were  unchanged  on  stirring  fcr  16  no  its  -  Ansorpt 10ns  at  2' 1. ratio  were 
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.1811  (s,sh. ),  1787  (s),  1638  (w),  900  (w),  753  (s),  675  (m),  540  (w). 

Absorptions  at  3:1  ratio  were:  1812  (s,sh. ),  1785  (s),  17U7  (s),  900  (w), 

754  (s),  685  (m) ,  5U0  (w).  Fi.l  tration  of  the  mixture  produced  a  white 
residue  which  had  the  following  spectrum  after  drying  at  reduced  pressure: 

1754  (s,br.)j  1350  (m,br.),  1025  (w),  752  (,s ,br.  )•  The  powder  diffraction 
pattern  of  this  solid  showed  only  LiCl  and  a  single  additional,  indistinct  line. 
Removal  of  ether  from  the  clear,  colorless  filtrate  produced  a  white  solid  having 
the  infrared  spectrum:  1778  (s,br. ),  1618  (s,br. ),  1147  (w),  1026  (s),  891  (m,sh. ), 
802  (w,sh.),  720  (s,br.),  600  (s).  The  X-ray  powder  diffraction  pattern  of  this 
solid  contained  eight  lines.  A  sample  of  LiAlH^  solution  was  stripped  of  solvent 
at  25°C  to  yield  a  white  solid  whose  infrared  spectrum  was:  1778  (s,br.), 

1666  (s,b.r.),  114.8  (w),  867  (-Sjbr.),  714  (s,br.).  The  X-ray  powder  pattern  of 
this  partially  desolvated  hydride  did  no4  match  the  pattern  for  the  ether-soluble 
product  described  above.  The  soluble  reaction  product  was  unstable  and  decomposed 
to  a  dark  gray  solid  with  gas  evolution. 

■  --  v  ’  '7 

Solution  Spectra: _ LiAlfy  •+  BeCl^  m  Tetrahydrofuran 

LiAlH^  solution  was  added  to  4. 5U  mmoles  of  BeCl2  in  50  ml  of 
tetrahydrofuran.  Spectra  were  recorded  from  samples  of  the  clear,  homogeneous 
solution.  Absorptions  at  0:1  ritio:  665  vs,sh.),  574  (m),  524  (w).  Absorptions 
at  1:1  ratio:  1730  (s,br.),  773  (m),  7?9  (m),  670  (s,sh.),  378  (w);  Absorptions 
at  2:1  ratio:  1730  (s,sh. ),  1701  (s),  776  (s),  731  (w),  680  (m,sh.),  370  (m,br. ). 
Absorptions  at  3:1  ratio:  1730  (s,sh.),  1695  (s),  1646  (m,sh. ),  774  (s),  731  (w), 
680  (m,sh. ),  370  (m,br.).  Absorptions  at  7:1  ratio:  1691  (s),  1646  (s,sh. ), 

763  (s),  733  (m,sh. ),  679  (m),  530  (w),  384  (a).  Absorptions  of  LiAlH^  solution: 
1691  (s),  763  (s),  390  (m).  I 


Solution  Spectra:  KaA-ifi^  +  Bed.,  in  Texrahydrofuran 

.  The  procedure' was  tne  fame  as  above' except  that  the  precipitate  formed 
would  not  settle  on  standing  for  one  hour.  At  2:1  ratio,  the  mixture  was 
filtered  and  the  infrared  spectrum  of  +ne  filtrate  examined.  Absorptions  were 
found  at:  1736  Qs),  1269  (w,sh. /,  79?  (»),  724  tm).  NaAlH^  in  tetrahydrofuran 
has  absorptions  at  1660  and  Y/i  cm  ±.  : 

I  ns  t  r  umenta  tion  -/ 

Infrared  spectra  were  obtained  on  a  Perkm-Elmer,  Model  .621,  grating 
infrared  spectrophotometer.  Samples  were  prepared  as  nu.iol  mulls  or  as  ethereal 
solutions  and  were  scanned  from  2; 00  to  200  cm  1  using  Csl  cell  windows. 

Nmr  spectra  were  recorded  on  a  Varian  Associates  A60  nuclear  magnetic  ‘ 
resonance  spectrometer  (60  me}*  -  ; 

:  X-ray  powder  diffraction  da ♦ a  were  obtained  using  a  Debye-Scherrer  camera 

(fforelco,  114.6  tm)  and  cu(Ka)  -radiation..  (i.  >416  A)  with  a  nickel  . feta  filter. 

o  '  c  : . 

Also,  Mo(Ka)  radiation  (0. 7iOV  A)  with  a  zirconium  beta  filter  was  esployed.  The 
samples  were  loaded  into  this-walled  Lmaemann  glass  capillaries  (0.5mm)  in  the 
dry  box.  '  "  .  7 

-  and  Difcussion  .  s‘ 

:  The  reset  ion  between  complex  arose  sue  hydrides  (where  M  -  Li,  Ba, 

K,  Cs)  and  metal  halides  cf  iroup.S : .  M’X„  r-here  {•!’  -  Re,  Mg,  Ca,  2n,  Od,  Jig; 

X  =  Cl,.  Ur,  r?,  :.may  -&->  Icscri**  3  -r  Oc  way «>  rh-  f :  rs ■  0?  these  descriptions  . 
would  be  the  simple  nseta'o-*  ;-u/;  ;xc:ran.^e  Ihc/w'n  _r.  Equa'icn  13*  The  complex 
aluminum  uydr ice  it  this  -w:  .  .f  pre-i  ime d  t coexist. 
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fltr  .  ^ 


as  a  solvent-separated  ion  pair.  The  second  description  employs  a  subtle 
difference  in  the  constitution  of  the  hydride  reactant,  i.e.,  the  complex 
aluminum  hydride  may  be  the  ugh t  of  as  an  MH  species  coordinated  to  AlH^  through 
a  hydrogen  bridge.  Reaction  of  this  bridged  hydride  species  with  M'X^  might 
then  occur  by  a  different  mechanism  as  shown  in  Equations  l4  and  15,  to  form 
M'H2  directly  instead  of  M'(AlHJv)  Experimental  verification  of  either  of 
these  two  postulated  processes  is  complicated  by  the  possibility  of  a  redistributio 

\ 

M — H — AlH, 

I  I  3 

|  I  -  XM’H  •*  A1H-  +  MX  „  (l4) 

i 

X— M'-X 

■ 

XM'H  +  MA'1HU  -  M'H2  +  AlH^  +  MX  (15) 

disproportionation  equilibrium  (equation  16)  which  may  be  attained  rapidly 
or  very  slowly. 

M'(A1Hu)2  *  M’Hg  +  2  AlHj  (l 6) 

The  only  alkali  metal  aluminum  hydride  which  is  soluble  in  diethyl  ether 
is  LiAlHj4'.  This  unique  behavior  is  attributed  to  strong  solvation  of  the  small 
lithium  cation  by  the  moderately  basic  ether.  Where  the  cation  is  larger  (Na  or 
K)  a  more  basic  solvent,  such  as  teirahydrofuran,  is  required  for  solubilization. 

In  the  case  of  CsAlHi( ,  only  a  difunct.ionai  ether,  such  as  diglyme,  acts  as  a 
solvent.  In  general,  it  may  be  argued  that  solubility  of  these^ compounds  is 


I 


:  ■ »  OWM^j 


*  -Vv 


...,w ».**’•*  •  WntWK'1  •« 


.•<***<•'  •  -  *  !*U  !*  f:^ 
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impendent  upon  effective  solvation  of  the  cation  and  that  for  small  cations 
•I  less  basic  solvent  is  required  than  for  large  cations.  On  the  other  hand, 
i\.  ( h-Cgll^y)  ( n-(^Il^)N  JAIHj,  is  soluble  in  benzene12  whereas  [(CHj  )^N]A1H^  is  not 


( lb’)  B.  Ehrlich,  A.  B»  Young,  D.  J).  Perry,  Inorg.  Chem. ,  4,  753  (1965)* 


soluble  in  any  organic  solvents.  The  solubility  of  the  former  is  probably  due 
so  the  long  alkyl  eha me  on  the  tmmonium  cation;  when  such  groups  are  absent, 
tolubil iiy  is;  lost  in  hydrocarbon  solvents  due  to  poor  solvation  of  the  (CH^^N* 
ration  by  beniken*:;. 

The  infrared  spectra  of  com],  «.  x  aluminum  hydrides  and  other  alane 

.erivativea  arc-  complicated  in  ..ome  instances,  but  some  useful,  general  statements 

%  -1 

Tran  be  made.  Terminal  Ai-H  stretching  frequencies  occur  between  1912  cm  and 

.'660  cm* ",  and  may  be  lower  iti  tu idgmg  situa*  ions  (1550  cm  ’).  Deformation 

- 1 

.nodes  of  A l H,  are  observed  «t  cw.  750  Cm  .  Shifts  in  Al-H  stretching  frequencies 

H 

ijiave  been  correlated  with  the  increase  or  decrease  of  the  coordination  number  of 

if 

jtluminum.  L'n  general,  increasing  coordination  number  for  aluminum  will  cause 
i-,he  Al-H  stretching  frequency  *o  decrease;  those  compounds  of  coordination 


(.13)  H.  Ros'zinsKy,  ft-  Pautei,  W.  Zei  J ,  Z.  Physik.  Chem. ,  36,  2 6  (1963)*  « 


number  five  absorb  br  low  1YTO  cm*  and  those  of  coordination  number  four  absorb 
•above  1750  cm"1,  pa  Its1**  has  discussed  the  shift  in  the  Al-H  stretching  frequency 


:V 


(.It)  pi  Its,  E-  C.  Ashby,  Submit  ted  for  publication. 


to\e 


*  ■***. 
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in  t.f-rmr.  of '  covalent  inter  rju.on:-  lor  selected  derivatives  of  complex  aluminum 
by  dr.'  des . 

Rose4.  ycns_  ;  n_  Diethyl  Ether 

Because  of  soiubi'n  »  v,  1 1 A 1 H s (  was  the  only  hydride  reacted  with  BeCl^ 
in  diethyl  ether.  Analytical  date  are  summarized  in  Tables  1  and.. 2  for  reactions 
at  25U‘C  and  -?8*C.  '* 

The  reactions  of  Li  a  ill;  and  BeCi-,  in  2:1  ratio  are  rapid  and  complete 

within  one  hour  at  -78°C.  Aluminum  hydride  is  recovered  virtually  uncontaminated 

except  by  residual  solvent,  from  the  soluble  fractions  of  the  reaction  mixture.'-. 

The  infrared  spectrum  of  the  reaction  solution  has  a  strong  absorption  at  1787  cm 

_  •  -1  IB 

which  does  not  agree  closely. with  *ho  value  of  1801  cm  observed  by  Ehrlich 


(15)  R.  Ehrlich,  A-  R.  Young,  H.  M.  Uchstein,  D.  P.  Perry,  Inorg.  Chem. , 

2,  6  to  (1963).  ■  .  • 

for  a  metastable  alane  solution  prepared  from  LiAlH^  and  A.lCl^  using  the  method 
of  Fmho.lt,  et  al.  Aluminum  hydride  prepared  in  diethyl  ether  by  this  latter 

( 16)  A.  E.  Plnho.it,  A.  C.  bond,  R.  I.  Schlesinger,  J.  Am.  Chem.  Soc. ,  69, 

ii99  (1.947).  :  “  e 

reaction  precipitates  from  solution  within  minutes  after  its  separation  from  the 
Li  Cl  by-product.  In  contrast,  the  A  l  H ,  generated  by  LiAlH,4  -BeClg  interaction  is 

stable  in  solution  over  a  period  ot  at  least  135  hours  at  room  temperature.  It 

,v  • 

appears  that  AlH,  is  being  solubi  lizeci  by  the  presence  of  solid  LlCl  or  BeH^ 

Best  Available  Copy 


-t; 


lk2 


according  to  an  equilibrium  of  the  type  shown  in  equation  (17)  The  infrared 
spectrum  of  the  solid  A3H^  ethera » e  which  was  isolated  from  the  2:1  reaction 


+  A1H,  *  .vt-AlHj  -  AXH,  + 
solid  3  5  solution 


(17) 


(where  1,  iiC3  ,BeK0) 


*  .  J  -  ^ 


g: 

1  A. 


'  I?  ' 

'4 


|  ,0 
I  ' 


had  broad  absorptions  at  1755,  166o  cm-1  (25°)  and  1778,  1600  cm-1  (-78°).  The 
reported  spectra  for  alH^'xEtgO  show  absorptions  at  1760  and  1592  cm  as  nujol 
mulls.  The  varying  values  of  the  absorption  maxima  arise  from  the  extreme  broad¬ 
ness  of  the  bands  and  undoubtedly  from  slightly  differing  residual  solvent  content. 

The  insoluble  products  of  the  2:2  reaction  are  LiCl  and  BeH^'x^t-O.  The 
infrared  spectrum  of  the  insoluble  solid  exhibits  a  strong,  broad  hand  at  1755 


-1 


cm  (25° C)  and  1750  cm  (-7 S*V*  The  infrared  spectrum  of  BeHg  prepared  by 

pyrolysis’  of  Be(£H^)p  with,  (C^H^).^P  in  2:1  kU-'  has  a  strong,  broad  Be-H 

stretching  absorption  at  1758  cm’1;  the  product  gave  no  X-ray  powder 'diffraction 
17 


pattern. 


For  the  product  isolated  as  the  insoluble  solid  in  the  2:1  reaction. 


(17)  I<.  Banford,  G.  E.  Coates,  J.  Chem.  Soc. ,  5591  ( 1964) . 


only  lines  arising  from  LiCl  were  noted  in  the  Xr-ray  powder  diffraction  pattern.. 
.  Analytical  data  indicate  a  Be;H  ratio  of  1:2.  - 

--  ;  Thus,  cthe  original  report  by  Wfberg1  appears  to  be  incorrect,,  and:  the 

5  2 

work  of  Holley  and  lemons  corroborated.  The  findings  of  Wood  and  Brenner 

could  not  be  substantiated  since  r~  jie(AlH^)^,  was  generated  which  could  he 

Stabilized,  at  low  temperatures.  Also,  we  found  no  evidence  for  LiBe.CAlH^)^ 


species  in  reactions  between  LiAiH^.  and  BeCl^  in  diethyl  ether. 

a 

The  Russian  cl alar  concerning  the  preparation  of  LiAl^H^  could  not  be 

verified.  Analysis  of  this  new  compound  gave  the  elemental  ratios:  Li:Ax:H  ■ 

1.0:2. 19:7.0;  the  powder  diffraction  pattern  was  also  repotted.  :‘It  is  notable 

that  the  Ai:H  ratio  cf  this  product  is  only  1.0:3. -2.,  and  seems  to  be  inconsistent 

with  the  reported  empirical  formula.  We  have  found  less  than  0.3  per  cent  lithium 

in  the  soluble  products  of  the  2:1  reaction  of  LiA-lHi.  and  BeCl~  in  diethyl  ether 

ar;4  {n  Al/Li  ratio  of  approximately  17.  X-ray  powder  diffraction  data  for  'Wiese 

soluble  products  do  not  match  those  from  the  Russian  report.  The  powder  pattern 

of  AlHg  etherate  which  we  have  isolated  from  this  2:1  reaction  at  25°  does  agree’ 

l8 

well  with  the  powder  pattern  of  an  a. lane  etherate  reported4 by  French  workers'  to 


(1967). 


(13)  J.  Bcusquet,  J.  Choury,  P.  Claudy,  Bull.  Soc.  Ghim.  France,  38^w. 


be  a  limiting  composition  of  desolvation  efforts  with  Alii^nEt^O. 

For  the  reactions  where  the  LiAlH^rBeCl,,  ratio  is  1:1,  the  reaction  is 
more  complex.  The  infrared  data,  elemental  analysis,  and  X-ray  powder  diffraction 
pattern  of  the  insoluble  reaction  product  show  that  the  major  constituents  are 
MCI  and  BeH^.  Analysis  of  the  soluble  portion  of  the  reaction  indicates  a 
mixture  of  A1H,  and  BeCl_ .  but  ix  isrorobable  that  such  a  mixture  would  react 

:  J  J  -  ■  - 

further,  according  to  eqc  r  ions  (18)  and  (19) • 


A1H3  +  BeCl2  -  HgAlCl  +  HBeCl 


HBeCl  +  HgAlCl-  -  HAlClg  *  BeH^ 
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Such,  interactions  would  preserve  the  amount  of  soluble  .chloride  and  hydride 
if  the  hydridoberyllium;  compounds  were  either  soluble  or  were  complexed  by 
the  halogeh-alane  species  which  are  soluble.  Some  support  for  AlH^-BeClg 
interactions  is  found  in  the  infrared  spectrum  of  the  reaction  solution  itself, 
where  a  band  at  1848  cm'1  is  observed  at  1:1  ratio  only.  The  spectrum  does,  not 
change  alVjr  16  hours  tf  stirring.  The  triethy laminate  of  H^AlCl  is  known  to 
absorb  at  1852  .cm"1  in  benzene,  whereas  the  aminate  of  HAlClg  absorbs  .at  1898 
cm”1. Thus >  the  most  likely  interaction  would  produce  HgAlCl  and  HBeGl,  the 

(20)  E.r  C.  Ashby,  Jv  Prather,  J.  Am.  Chem.  Soc, ,  88,  729  (1966). 
latter  being  an  unreported  compound. 

o'-  ■  '  /  .  -  - 

Infrared  data-  oh  solutions  of  LiAlH^  and  BeCI^  where  the  ratio  of  these 
reactants  is  greater  than  2:1  indicates ’only- an  increase  in  the  absorption  due 
to  LiAlHj^.  ■«  -■  c  -  -p  .  ? 

Reactions  in. Tetranydrofuran  .  - 

Both  HaAlHjj  and  LiAlH^  were  allowed^  to  react  with  BeClg  in  tetrahydrofursn. 
Of  the  alkali  halide  by-products,  BaCl  is  insoluble  while  IdCl  is  soluble. 

■'  The  reaction  of :  LiAi%,  with  BeClg  in  both  1:1  and.  2:1  ratios  yield?  a.  ,  ' 
mixture  of  products  which  are  soluble.  Fractional  crystallization  of  the  product 
solution  deposited  only  pure  «iCl;  no  evidence  of  BeHg  deposition  was  .observed. 

The  infrared  spectra  of  the  product  solutions  exhibit  an  Ai-H  stretching  band  at 

C  :  '  '  .  '  -  . 

It30  cm"1  for  a  1:1  ’ratio  of :  reactants,  1701  cm  1  with  a  shoulder  at  1730  cm 
for  2:1  ratio,  1695  era  1  with  a  shoulder  at  1730  cm  c  for"  Siiratio,  and  1691  cm  1- 
at  7:1  ratio. ^  LiAlH^  in  tetrahydrofuran  absorbs  at  ,1691  cm”1.  Aluminum  hydride 


in  tetrahydrofuran  solution  is  reported  to  absorb  at  1739  cm  ana  1724  am  . 

(21)  R.  Dautel,  W.  Zeil/Z.  Electrocbemie.  64,  1234  (i960). 

The  infrared  spectrum  of  the  product  mixture  after  solvent  removal  exhibited 
Al-H  stretching  vibrations  at  1808,  1616  cm."  (2:1  mixture),  and.  1802,  1619  c»  1  , 
(1:1  mixture).  These.. are  very  close  to  the  values  expected  for  the  tetrahydro- 
furanate  of  AlH^  which  absorbs  at  l8C2  cm  1  1-1  or  181C  c/r.  Thus,,  on  the  basis 

of  the  infrared  data  it  is  difficult  to  distinguish  the  reaction  products  from  : 

,  '  1  ;  -  '  -  c 

AlH^txTH?  since  the  bands  are.  so  broad..  On  the. other  hand,  the  fact  tbat^BeHg 

_  _  t 

c  ,«  ‘ 

does  not  precipitate  demonstrates  clearly  that  a  strong  interaction  is  present. 

Since  pure  hi  Cl  rosy  be  precipitated  by  the  addition  of  a  non-coordinating  solvent 
such  as  benzene,  the  interaction  products  are  suggested  to  be  Be(AlH^)g 
(2:1  reaction)  or  ClBeAlH^  (1:1  reaction).  =  i 

Using  NaAlH.  in  tetrahydrofuran  gives  different  results.  The  analytical 

C  G  ; 

.data  for  reactions  between  NaAlH^  and  BeClg  in  tetrahydrofuran  are  summarized - 
in  Tables  3  and  4. 

At  a  BeAlHj^BeClg  ratio  of  2:1,  the  initial  products  are  analogous  to  :• 
those  found  for  the  LiAlHj^BeGlg  -  2:1  inactions  in  diethyl  ethar./}  The  soluble 
reaction  product;  is  predominantly  A1H,  •  xT,dF  =.  A  is  identified  by  its  analysis0  and  : 
by  tht-  lnfrared  spectrum  whbuh  has  strong  hybrid*-  absorptions  at  1800  ess  1  and 
1625  cm"1.  The  insoluble  reaction  products  are  BaCi  vxd  BeH2,  the  hydride  Be-H 
stretching  frequency  being  reduced  to  1710  when  the  produrt  is  isolated  from 
tetrahydrofuran.  Stirring  the  2:1  reaction  mixture  for  92  1  ours  caused  solubili¬ 
zation  of  the  BeHg  from  the  insoluble  phase  tc  the  soluble  portion  of  the  reaction 


Table  3.  NaAlH^  +  BeCl^  in  Tetrahydrofura n  (0°)  ; 


:  MaAlI^.  iBeGlg 

Solubility 
of  froduci 

H:A1 

(Total  H" 
Less 

AlH-.):Be 

0  - 

Be:  Cl 

1:1 

.  .'jolub'e 

3.17:1.0 

1.0:1.23  : 

1*02:1.0 

•  1:1 

insoluble 

16.9:1.0 

1.0:1.23 

1.0:1.52 

2:1  v 

soluble  - 

3.14:1,0 

1.0:1.23 

8.40:1.0 

2:1 

•  insoluble 

19.2:1.0 

1.84:1.0 

1.0:2.13 

Table  4.-  2SaAli^  *  BeCl^  in  Tetrabydrofuran 

(25%  92  Hours) 

’  --  : 

Solubility 

{Total  H" 
Less 

«  fcAlH^iBeClg  of  Product  H:A1 

AlH^):Be 

Be:  Cl 

2:1  -  soluble  3.57:1.0 

1.32:1.0 

—  -  -  v 

5*62:1.0 

2:1  insoluble  9.73:1*0 

1.46:1.0 

1.0:4.05 

c 


mixture.  it  is  postulated  that  this  interaction  is  of  the  type  shown  in 
equation  (20).  The  infrared  speetruia  of  the  equilibrated  solution  had  a 

+  BeH2  -  Be(AlH4)2  c  (20)  " 

strong  absorption  at  17^  cm  ■%  very  close  to  the  initial  value  of  1736  e*T 
which  appears  immediately  after  nixing.  -The  solid  obtained  by  removing  solvent 
fro*  thi  ,  equilibrated  solution  exhibited  Al-H  stretching  hands  at  l8l6  cm*1 
and  1606  c**“.  This  product  is  very  similar  to  the  soluble  product  from  the  2:1 
UAlHj.  reaction,  on  the  basis  of  infrared  spectra  and  X-ray  powder  diffraction 
patterns.  ;  - 

The  observation;  that  the  ~!:1  reaction  in  tetrahydrofuran  proceeds  in  a: 
different  manner  for  than  for  HaAlK|,  has  two  implications.  The  first 

consideration-  is  the  possibility  that  the  compositions  of  these  two  hydrides 
are  different  in  tetrahydrofuran  solution  and  that  each  hydride  species  leads  : 
to  a  separate  product  mixture.  The  second  possibility  is  that  the  LiCl  by¬ 
product  is  able  to  solubilize  BeHg  readily  whereas  Ha Cl  is  ineffective  in  such 
a~  process.  ‘  ; 

The  comparative  degree  of  cation  solvation  should  be  the  discriminating 
effect  for  these  two  hydrides  in  solution.  The  Al-H  stretching  vibrations  for 
LiAlH^  and  in  tetrahydrofuran  solution  are  1691  cs  ‘  and  1680  cm*1, 

respectively.  Ibis  is  not  a  large  change  but  indicates  Jess  cation-snion, 
covalent  interaction  when  sodium  is  the  cation.  At  the  present  time,  little 
else  is  known  about  the  composition  of  these  hydrides  in  solution  and  it  must 


be  concluded  that  there  is  no  evidence  for  significant  differences  in  these 
two  Reagents  in  tetra  hydrofur  an  which  would  .justify  proposal  of  more  than  one 
reaction  mechanism  with  BeCl„> 

-  : 

Ofe  the  other  hand,  LiCl  is  known  to  form  soluble  cortexes  with  halogen- 

“  - 

a  lane  species  in  diethyl  ether"  and  evidence  for  LtBr-AlH^  and  Lil-AIH^ 

:  "  “=:  23  24 

adducts  has  been  fpund  in  diethyl  ether  and  tetrahydrofuran.  *  'Therefore, 


(23)  9.  Noth,  Dissertation,  Univ.  Munchen,  1954. 

(24)  G.  N.  Schrauzer,  dissertation,  Uhiv.  Nfiinchen,  1956. 

itr  ‘is  quite  reasonable  that  LiCl  would  form  a  complex  with  BtK^  and  prevent 
its  precipitation  in  the  LiAiH^BeClg  reaction  in  tetrahydrof ura n .  This  adduct 
coulithen  react  further  with  AIBU  to  produce  Be(Al%)2  as  shown  in  equation  (21) 

-  :  LiBeHgd  +  2A3HJ  -  LiCl  +  Be(AlH4)2  (21) 

(or  LigBel^Clg) 

When  solvent  is  removed  from  a  2:1  mixture  of  LiAlH^  and  BeClg  in 
tetrahydr of ura n ,  a  white  residue  results.  If  this  residue  is  extracted  with 
benzene,  the  soluble  product  is  solvated  A1H,  and  not  Be(AlH^).  This  result 
lends  further  support  to  the  hypothesis  that  BeH  and  A1HV  are  present  in  the 
solut-ibn,  BeHg.  being  solubilized  by  a  process  such  as  that  described  above. 

The  2:1  reaction  between  NaAlH^  and  BeClg  in  tetrahydrofuran  produces 

v 

soluble  Al9~  and  an  insoluble  mixture  of  BeHg  and  NaCl.  Attempted  benzene 


extraction  of  solvated  Be(AIH)^  from  the  reaction  product  of  LiAlH^  and  BeCl^  - 
in  t  etrahydro  f  lira  n  in  2:1  ratio  yielded  only  solvated  a  lane  in  55  per  cent 
yield  as  the  soluble  product.  Therefore,  no  evidence  of  BeCAlB^Jg  was  found 
as  the  initial  product  of  these  reactions.  In  ether  solvents*  if  Be(AlB^)2 
is  formed  initially*  disproportionation  appears  to  be  the  predominant  fatr  of 
this  Species.  The  observed  redistribution  of  the  products  from  the  £*!- 
NaAlH^rBeClp  reaction  in  tetrahydrofltrar;  could  be  explained  os  being  due  to 

1  2.  '  o 

catalysis  by  alkoxy-alasje  species  arising  from  attack  of  AlH^  on  the  solvent. 

Again*  the  1:1  reactions  with  HaAlH^  in  te trshydroforan  are  more  complex 

than  the  2:1  reactions.  The  inscl uble  product  mixture  was  found  to  contain 

NaCl,  BeH0,  and  EeCl^’gTHF  as  the  principal  components..  The  soluble  product 

does  not  contain  BeCl2*2THP,  and  has  an  infrared  absorption  maximum  at  l&T^  cm  * 

and  1573  cm  \  Analytical  data  suggests  that  the  soluble  species  are  A11L  and 
’  •  -  ‘  ‘  0  -  '  5  ; 

a  compound  of  empirical  formula  KBeCl,  possibly  in  combination  as  ClBeAlH^J 

however,  the  Al:Be  ratio  is  1.73 fl»0.  Extended  equilibration  time  might  permit 

the  insoluble  product  to  react  further  to  yield  as  final  products*  soluble 

ClBeATH^  and  insoluble  Ha  Cl.  The  shift,  of  the  Al-H  stretching  frequency  for 

this  soluble  1:1  product  to  a  value  ca.  55  cm  1  above  that  for  the  absorption 

of  the  corresponding  1:1  product  may  reflect  the  effect -of  substituting  chloride 

for  aluminohydride  ixr  the  proposed  Be(AlHJf)2.  A  corresponding  shift  is  not 

5 

observed  for  Mg(AlH^)0  and  ClMgAIH^  from  tetrahydrofuran.  - 
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A  Study  of  the  Thermal  Decomposition  of  Coaplex  Metal  Hydrides 
J.  A.  Dilts  and  E.  C.  Ashby 

Abstract  c 

The  tbenml  decomposition  of  LiAlH^,  IfeAlH^,  SAlfi^, 

(L  «  tertiary  amine,  K  =  Li  or  Ka),  ^(AlH^^THF,  Ll^Ali^, 

Aa^AIi^,  and  MgB2  have  been  investigated  using  differential  thermal  analysis 
and  theme gravimetric  analysis.  Evidence  is  presented  that  MMH^  compounds 
decompose  through  the  corresponding  M^AIK^.  The  amine  ccsplexes  of  LiAlH^ 
have  been  demonstrated  to  have  a  higher  thermal  stability  than  the  parent 

O'  ■  -  _  .1 

coaplex  hydride.  With  SaAlH^ -amine  complexes,  desolvation  precedes  decomposi¬ 
tion.  However  both  MgCAlH^)^  4THF  and  ClMgAl%*^THF  undergo  complex  thermal 
decomposition  Involving  loss  of  THP  as  veil  as  THF  cleavage. 

Introduction 

fhv  systematic  studies  on  the  maimer  of  thermal  deco^osition  of 


complex  metal  hydrides  have  been  reported.  Gamer  and  Haycock  investigated 


W*  E.  Gamer  and  E.  W.  Haycock,  Proc.  JRoy.  Soc. ,  A211,  235  (1952). 


time-decomposition  curves  for  EiAlif^  and  concluded  that  decomposition  occurred 
in  three  stages.  The  first  of  these  was  an  initial  surface  reaction  which  was 
followed  by  loss  of  half  of  the  hydridie  hydrogen  according  to  equation  1. 


EiAlK^  -r  I-iAU^  +  Hp 
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This  in  turn  vs?  followed  l;.  loss  of  tee  third  hydrogen  at  s  ouch  slower 
»te  («fa*ioQ  i), 

LiAlHg  -  £dK  4  Ai  *  l/2  1L  "  ‘z*"‘  r{2) 

Wit-erg  and  coworkere  RfKsa*ea  tfe  t^nei  decoaposiiion  of 

LiAlH^  in  solution  as  occurring  to  give  Lil!  directly  (equation  3). 

-  -  r~- 

-  JdH  •>  3/2  B«  *  A1  (3) 

this  maae  of  decomposition  has  teen  su^ested  'ey  ^fceze  Ssmtigttm  for  » 

:  "7  .  2  -  -  -  :  1  - 

mariner  of  soapier  aetai  hydride*. 


(?)  £.  Wit-erg,  tegat*  d»%,  t£,  -if?  (1953)  snd  references  therein. 

3  : 

Tcwerkers  eyaadeed  *he  ifcsrssl  deepapos Ition  of  LiAlH^ 

(3)  Y.  I,  Ulkheers,  &  5,  Seli'-oJEkisa,  and  0.  X.  Zry^Oeova,  Dchl.  Akad, 
ftiuk,  CJ3£,  log,  ^39  (19:4). 

using  ecsrft-ined  differed' isi  ‘hers*.*  asalyei?  (lIA)  and  effluent  gas  analysis 
(EGA).  Ifcey  fo\s*a  an  et^tferade  effect  at  accompanied  fcy  evolution 

of  one  Bole  of  hydrogen,  a  second  endothermic  effect  *t  197-227*  resulted 
.in  another  be  If  apje  of  evarogen,  with  *he  firal  fcyirogax  evolution  occurring 
at  <s8&-y8f\ 


E^ioying  the  tecbniq^  cf  differential  r canning  calorimetry,  hirck 
aoi  Gray  verified  the  ?te«;  trdotfeersic-  effeits  reported  by  Klkfceeve  in 


CO  T  Block  is  A.  P.  Gray,  Irar*.  Cb^m. ,  A,  50%  (1965).  „ 

**■  -  ■  .  ■* 

•Edition  to  -firming  ewe  esothereic  effect*.  Doe  of  these  ns  associated  with 

S«a*fO£  flies  resulting-  fro*  a  surface  reaction  as  noted  by  Garter  aid  tttyoock 
earlier,  snd  the  second  *?itk  *he  Icocspcs ition  reaction  shewn  is  equation  i.w 
Hej  did  .set  really  issist  *k»c  X4MJU  was  a  ml  coocoisji,  M  the  rxotbersie 
effect  they  obterweCwas  sosexsben4  with  as  Etp.  peak  sfa owing  loss  of  one  sole 
of  ivcitycn  per  sole  of  liAiil  -  Tfe«  fdoifcanic  effect  that  Mikfcets  had 
•*s*cia*ed  with  this  deceapo-sicic-r  wa?  clearly  deaoostrated  to  he  a  mwsiU* 
phase  change  by  tte-e  wkri.  ;.  “  j,- 

'  •  5 

■  s?  -d>  of  Sfaycock  sad  coworker;  tot!  fled  the  multi  of  Slock  and  . 

(5)  Hi  McCarty,  Jr. ,  J.  5.  Sfcyceok,  and  V.  2.  M  Terre  her,  y.  ftqfv. 
Cbem.,fehlx%{lim.  _ 

(Sny  adding  aigr  Lcng  to  o^a  triers  tasdiag  of  the  nature  of  LiAUH^ 

which  they  wise  propc.ri  a*  the  product  of  the  initial  deecspcei*' lot. 

In  a  farmer  f*w  cl  the  thmi  decsap^ltici  by  Mikheeas  and  Arkk.poa 

*  ■  1  umh  ii  ■  iw^i  in  1  ■  11  a 

‘  (€)  Vi  I-  »Bi  1.  K.  Arkhip oe,  li>t.  -J»  I&Cttg.  das.  12,  XO&fc- 

Ci9gY>.  - 

schstsntiwtusi  cf  the  resile  of  Block  sEd  Gray  was  mde  in  addition  £o  studying 
the  effects  c-f  idp-aritde?  on  the  S'  Ccsjjol it  ion  rrtc*  ions,  these  workers 
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suggested  that  the  stoichiometry  of  equation  1  might  represent  the  formation 

7 

of  a  complex  metal  hydride  reported  by  Ehrlich.  They  confirmed  this 

o  o 

(7)  R.  Ehrlich,  A.  R.  Yoking,  G.  Rice,  J.  Dvorak,  P.  Shapiro,  and  H.  F. 
Smith,  J.  Am.  Chem.  Soc. ,  88,  858  (19 66). 

conclusion  by  X-ray  powder  diffraction  studies  of  partially  decomposed  LiAlH^. 
Ashby  and  Kobetz°  reported  that  the  controlled  pyrolysis  of  NaAlH^  lead 

(8)  E.  C.  Ashby  and  P.  Kobetz,  Inorg.  Chem.,  £,  325  (1986). 

to  the  formation  of  Na^AlHg  which  they  had  been  able  to  prepare  independently 
from  nodi urn,  aluminum,  and  hydrogen  under  high  pressure. 

3  Na  +  A1  +  3  Hg  -  Na^AlHg  (U) 

3  NaAlH^  -  Na^AlHg  +  A1  +  3  Hg  (5) 

1 

We  report  here  an  initial  account  of  a  stud?/  covering  several  complex 
metal,  hydrides  in  an  attempt  to  systematize  the  thermal  decomposition  of 
complex  aluminum  hydrides. 

Experimental 

Preparation  of  Compounds.  -  Lithium  hydride  was  obtained  from  Alfa  Inorganics 
as  n  rjOi  dispersion  in  mineral  oil  and  used  as  obtained  after  washing  several 


timet  wiih  die thy J  ether.  Sodium  hydride  was  also  obtained  commercially  as  a 


15^ 

mineral  oil  dispersion  and  similarly'  treated.  KH  was  prepared  from  potassium 

metal  and  hydrogen  in  an  autoclave.  LiA-lH^  ana  NaAlH^  were  obtained  conanerci&lly 

and  recrystallized  from  ether  and  i-etrahydrofuran-  toluene  respectively.  KAIH^ 

was  prepared  by  the  interaction  of  AlH^  in  diglyme  with  an  excess  of  KE.  The 

product,  was  isolated  by  toluene  precipitation-.  Magnesium  aluminum  hydride 

9 

compounds  ./ere.  prepared  as  reported  in  the  literature  as  were  amine  adducts 

(9)  £•  0.  Ashby ,  R,  Schwartz,  B.  1).  James,  Inorg.  Chem. ,  9,  325  (1970). 

of  X-iAlhj,  and  N'aAlH^.  ^  Li^Al/y  and  Ka^AlHg  were  prepared  by  literature  methods. 

(10)  -T.  A.  Piles  and  E.  C.  Ashby,  Inorg.  Chem.,  9,  855  (1976)? 

(11)  E.  C.  Ashby  and  B.  D.  .Tames,,  Inorg.  Chem,.,  8,  2*4-63  (1969)* 


:  Simultaneous  DTArTGA  measurements- were  performed  on  a  Mettler  Thermo- 
analyser  II.  Samples  were  contained  in  either  alumina  or  platinum  crucibles 
using  6*0  mesh  alumina  in  the  reference  crucible.  Heating  rates  between  2  and 
8°/mimite  rwere  employed.  Samples  were  loaded  onto  the  thermoanalyzer  under 
an  atmosphere  of  argon  and  an  argon  atmosphere  was  maintained  during. the  run. 
Sample  weight  was  monitored  on  two  sensitivities  '(usually  10  and  1  mg/inch) 
so  that  gross  weight  losses,  e.g.  solvent,  as  well  as  fine  losses,  hydrogen 
for  example,  could  be  observed.  = 

Results 

Our  observations  on  the  thermal  decomposition  of  LiAlH^  are  in  agreement 
with  those  of-  Mikheeva  and  Arkhipov,  Figure  1  shows  the  clearly  resolved 


endothermic  phase  transition  and  exothermic  effect,  the  latter  being  associated 
with  a  loss  of  weight.  The  second  endothermic  effect  can  be  easily  associated 
with  the  decomposition  of  as  shown  by  the  super imposition  of  the  OTA  , 

curve  for  this  compound.  The  last  endothermic  effect  is  due  to  the  decomposition 
of  I.dH  in  both  cases. 

It  is  interesting  to  note  that  the  decomposition  of  LiH  formed  from 

LiAlHi  and :  L-LAKL-  appear  to  decompose  at  somewhat  different  temperatures. 

+  a 

This  clearly  indicates  the  possibility  of  a  solid  state  reaction  between  LiH 

U> 

and  aluminum  as  has  been  suggested  by  Aronson  and  Salzano.  '  In  the  case  of 

(12)  S.  Aronson  and  P.  J.  Salzano,  Inorg.  (Them.,  8,  15^1  (1969)* 

LijAIH^-,  less  aluminum  would  be  present  for  a  given  amount  of  LiH  and  one  might, 
expect  that  the  decomposition  of  LiH  would  occur  at  a  higher  temperature  than  c 
the  relatively  aluminum  rich  mixture  obtained  from  the  decomposition  of  LiAUL.  = 
This  is  observed.  ", 

J:>  the  ca'se  of  NaAlH^,  the  stepwise  decomposition  is  not  as  well  resolved 
as  with  liAIH^c  Figure  2  shows  the  li'A-TGA  plots  for  NaAlH^.  A  strong  endothermic 
effect  (165-2050)  proved  to  be  reversible  ana  is  associated  With  a  phase  change.. 
This  endoiherm  is  accompanied  with  a  small  weight  loss  if  the  hydride  is  not  of 
a  high  degree  of  purity.  Two  subsequent  endotherms  are  accompanied,  by  weight 
losses  corresponding  to  of  the  hydrogen  being  given  off.  The  TGA  curve 
does  not  have  a  uniform  slope  and  shows  ar.  inflection  point  consistent  with 
the  formation  of  Na^AiHg  according  to  equation.  5»  Comparison  of  the  OT!A 
curves  for  fraAlH^  and  NayUH^  suggests  that  the  second  of  these  endothermic  effects 


1  __ 


-  ’  1.56 

associa^d  with  the  decomposition  of  Na^AlH^.  The  last  endothermic  effect 
(250-300°)  result*  from  the  cte  composition  of  NaK.  Again  the  maximum  of  the 
Kali  peak  seems  to  show  a  dependence  on  the  presence  of  aluminum.  The  effect 
is  less  pronounced  than  was  observed  in  the  decomposition  of  Lui. 

T-’-e  thermal  decomposition  of  KAlHj^  is  quite  similar  to  that  observed 
for  NaAlH^.  Tiie  weight  Iocs  is  not  clearly  resolved  although  an  inflection, 
point  in  the  53A  curve  is  evident.  Two  endothermic  effects  correspond  to  a 
loss  of  75  per^cs^  ofthe  hydrogen  and  the  third  enaotherm  results  from  the 
final  de composition  of  Kff  as  is  shown  by  a  superimposition  of  the  DTA  trace 
of  KH  (figure  }). 

Magnesium  Hydride.  -  The  thermal  decomposition  of  MgH^  prepared  from  the- 

n  14  tk 

elements  has  been  studied  fairly  extensively.  ’  *  Extrapolation  of  the 


:(13)  O'*  Bousguet ,  J.-H.  Blanchard,  E.  Eormetet,  P.  Claudy,  Bull.  80c. 
Chim.  France,  21,  .18^1  (-1969). 

(1*0  J.  Kennelly,  ,J.  W.  Warraig  and  H.- F.  Kyers,  J.  Thys.  (hem.,  64, 


?03 

(J5)  J.  F.  Stamper,  -Jr. ,  C.  E.  Holley  and  J.  F.  Suttle,  J.  Am.  Chem. 
Soc.,  3504  (I960).  -  - 


decomposition  iemperatur'ei  obtained  as  a  functior  of  hydrogen  pressure  indicates 
a  decomposition  temperature  of  300*  for  this  form  of  MgHg.  MgHg  >»y  also  -be 


prepared  by  the  reaction  of  a  dialkyl  magnesium  compound  with  LiAlK^ 


16 


(it)  G.  B.  Barbarus,  C-  Dillard,  A.  E.  Finholi,  T.  Warlik,  K.  E. 
Wilzboch,  and  H.  I.  Schlesihg*! ,  J.  Am.  Chem.  Soc.j  73,  458?  (1951). 


Magnesium  hydride  prepared  by  this  method,  which  used  ether  as  the  solvent, 
contains  considerable  (20/-)  -ether.  The  DTA-TGA  trace  shown  in  Figure  4 
indicates  that  most,  of  this  ether  can  be  removed  before  the  magnesium ^hydride 
begins  bo  decompose  at  330°.  Magnesium  hydride  prepared  by  this  method  using 
7  THF  as  a  solvent  lias  a  similar  thermal  stability  to  the  ether  containing  hydride, 
but  bho  shape  of  the  ITA  curve  is  considerably  different,  There  is  ho  evidence 
of  THF  cleavage  arid  the  difference  in  curve  shapesmay  be  a  feature  related  to 
subtle  differences  in  the  physical  state  of  the  samples. 

ClMgAlH'j  a.Cd  Mg(AlH>,  -  The  thermal  decomposition  of  ClMgAiH^‘4  THF  ancl 
Mg(;A.lH.  )  * 4  THF  was  also  investigated.  The  thermal  decomposition  of  these  species 
is  complicated  by  probable  cleavage  cf  Al-H  bonds  by  THF.  An  endothermic  ; 
effect  in  the  decomposition  of  Mz(AlHif)g*IH,HF  at  170'*  is  accompanied- by  a  weight 
loss  greater  than,  can  be  explained  by  loss  of  hydrogen  alone  (Figure  5). 

The  tharnal  decomposition  of  ClMgAlHj/  4THF  and  ErJfeAlH^:* 4THF  are 
similar  ar.d  only  the  ClMgAiH^  case  is  shown  (Figure  6) .  The  endothermic  effect0 
7  at  110°  is  net  suggestive  of  a  de solvation  process,  but  rather  cleavage  of 
aluminum-hydrogen  bonds  by  THF.  This  is  further  supported  by  the  high  temperature 
weight  loss.  5-;- tween  200  and  400%  a  weight  loss  corresponding  to  13$  of  the 
original  sample  is  observed  while  the  maximum,  expected  for  decomposition  loss  of 
all  hydriiic' hydrogen  would  be  only  1.1$. 

Ths  decompoiitioi:  of  A1H-,  iso  la  red  from  THF  shows  features  similar-  to  the 

Z.  y  - 

decomposition  curves  for  magnesium  aluminum  hydride  (Figure  7),  especially  the 
low  temperature  exothermic  effect  followed  by  .a  high  temperature  weight  loss 
(300-400'*).  Without  ECA,  it  is  rot  possible  to  characterise  further  the  thermal 
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decomposition  of  these  co&pc'lnds. 

LiAIll^*  ligand.  -  The  TEA  (tri«?*hyltneai4Bir»)  bomplex  of  LiAlHj^  shows  two 
eridethcfsni .*  effects  (figure  8).  the  second  of  these  is  similar  t*o  the  effect 
observed  in  *he  case  of  LiAlH^  spectrum  which  was  shown  to  he  d’ie  to  the 
deeompcr^i'  ioti  of  IdH  in  the  prerenee  of  aluminum;  The  first  effect  which  is 
aasc’ivt-j.  *jtl  .->  major  vei^di*  Iocs  (i.9n%  7r» >j&  weight  loss,  7’;"^  calc  for 
amine  loss)  corresponds  to  ’'he  decomposition 


LiAlK.  •  IEA 
a- 


19>' 


>  LiH  +  TEA  +  3/2  HL  +  A1 


(6) 


The  net  effect  of  amine  coordination  is  the  stabilization  of  the  compleir  metal 
hydride.  At  a  point  where,  decomposition  becomes  apparent,  would  already 

he  decomposing  ( decomposition  for  starts  at  l6p°)  no  this  compound  is 

not  formed-  as  an  int  eraediaha  &s  5.t  is  in  the  case  of  the  thermal  decomuositioa 
of  IoAiHj  it  self.  It  is  also  interesting  to  note  that  i’EDA’AlH-  has  an 
appreciate.*  higher  d&con^osit-ion  temperature  yet  disproportionation  as  shown  in 
equation  f  rioes-  not  occur.  ■  '  : 


liAlKj/TEA  -  Mil  +  Ally  TEA 


(?) 


(MAiH^)ylMET  h-u,  in  addition  fo  the  two  endothermic  decomposition 
effects,  an  endothermic  pent  -associated  vit-h  a  reversible  phase  change  (Figure  8). 
LiAlH,+ •  IMET  shows  t*o  er.do’heraic  -effects  accompanied  with  the  arvjo?  (loss  of 
ligand)  w^-iwhn  ioc  .  It  «fe -  not  possible  to  determine  if  one  cf  these  was  due 


to  a  phase  change  because  their  transition  temperatures  occurred  so  closely 
together.  For  clarity  cf  presentation,  TGA  data  was  not  plotted  on  Figure  5,  but 

r 

have  been  “usmrized  with  temperature  data  in  Table  2*. 

EiaAlK^ -  Amine  Complexes.  -  The  H,lV  ,K* '  ,N'  * V  tetra methy  lethylened  iamine  complex 
of  .NaAlHf,  (SaAlH^'TJCD)  decomposes  thermally  as  expected  for  a  staple  solvate 
(Figure  9)*  The  first  endothermic  effect  is  the  result  of  a  phase  change  and- 
no  weight  loss  was  noted.  The  second  endothermic  effect  is  accompanied  by  loss 
of  5 9-(4>  of  tfee  weight  of  the  sanple  (Calcd.  for  feAlEj^TrED,  68.3%).  The 
remaining  three  endothermic  effects  are  consistent  with  the  decomposition  of 
SaAlH^  which  is  shown  superimposed  on  the  KaAlH^*TMEJ)  trace.  Differences  in  the 
location  of  the  peek  are  net  surprising  in  light  of  the  different  testing  rates 
used  (Table  2). 

The  interpretation  of  the  data  for  decomposition  of  HaAUI^-TEDA  is  not 
so  clear  cut  (Figure  1C) .  While  the  last  endothermic  effect  corresponds  to  the 
decomposition  of  NsK,  the  enact  nature  of  the  decomposition  leading  to  this 
product,  is  not  clear.  For  example  the  weight  loss  for  the  first  ^exothermic  effect 
corresponds  to  lots  of  all  the  TSDft..  The  hydrogen  loss  however  cannot  be 
resolved  in  the  missive  weight  loss  of  the  amine.  The  DTA  peak  corresponding  to 
this  weight  loss  is  in  the  same  region  as  the  decomposition  of  SaAlH^  and  may  be 
&  composite  of  the  three  processes,  ^ 

NaAlHj.'IEM  -  NaAltf^  +  TFEA  (8) 

-  >fetr41K^  +  2  Al  +  3  H£ 


3  NaAiK4 


(9) 


o. 

T?_ 


Na 


a^AiHg  -»  A1  +  3  NaH  +  3/2  Hg 
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(10) 


or 


3  KaAlH^JEDA  -  h'a^AiH^  +  3  TEM  +  3  Hc 
followed  Ky  equation  3.0 


(11) 


or 


KaAlH.i,  •  TEM 

4 


NaH  +  A1  +  3  /2  K2  +  TEM 


(*2) 


In  light  of  the  behavior  of  IfaAlHj^T&EDj  the  first  sequence  of  reactions 
seems  most  plausible.  Further  there  appears  to  be  a  good  con-elation  between 
the  shoulder  on  the  first  endothermic  effect  and  the  endothermic  effect  of  the 
NaAlH^TMgii  decomposition  -which  is  attributed -  to  the  decomposition  of  Na^AlHg. 
This  is  only  indirect-  evidence  however. 

Discussion 

The  first  generalisation  concerning  the  thermal,  decomposition  of  complex 

£  C 

metal  hydrides  is  that  the  same  order  of  stability  (with  respect  to  the  nature 


of  M)  of'  compounds  as  compared  to  MBff^  compounds  has  been  found. 


(17)  h.  S.  Stas.inevi.ch  and  G»  A.  Egerenko*  Russ.  J.  Inorg.  Chem...  13. 
3Vl  (1968). 


The  increase  in  stability  .fellows  the  ixiereace  in  cation  size  (Li  <  Na  <  K)  and 
the  simple  erprenaticn  of  this  order  i"  rased  on  in  r easing  stabilizing  power 


f  - 


n6i 

of  the  larger  nation.  Although  if  is  difficult  to  put  this  argument  on  a  sound 
qua  it*  it*  five  basis,  the  suggestion  that  the  degree  of  distortion  of  the  BH^- 
-  tetrahedron  strongly  effects  chemical  behavior  of  BH^  compounds,  has  been 
made.'  5  ■ 


(Id)  H.  I.  Schlesinger  and  H.  C.  Brown,  J.  Am.  Chem.  Soc.,  62,  3^29  (19^0)* 

While  cur  results  with  LiAlH^  substantiate  the  general  finds  of  Block  x 
and  Gray,  '  a.-  well  as  McCarty,  Maycoc'k,  and  Verneker, ^  there  are  several  points 
of  difference  in  interpretation  of  the  DTA-TGA  data. 

The  work  reported  here  was  performed  on  a  LiAlH^  sample  that  had  been  twice 
re  crystallized  (once  from  ether  and  once  from  ether-benzene);  we  failed,  to 
observe._t.he  first  exothermic  transtion  that  Block  and  Gray  attributed  to  a 
surface  reaction  and  McCarty  et  al.  attributed  to  a  melting  of  LiAlH^.  The 
presence  of  ether  may  account  for  this  exotherm  and/or  the  darkening  of  LiAlH^ 
at  this  point .  Our  samples  were  essentially  ether  free  and  no  darkening  of  the 
sample  was  noted  through  the  first  endothermic  effect.  In  further  contrast 
to  McCarty  <.-.1  al.  suggestion,  even  slew  scan  rates  (2" /minute)  still  showed  a 
distinct  endothermic  effect. 

While  nothing  definite  was  concluded  -about  the  nature  of  the  impurity 

giving  ri.-u  to  the  exothermic  effect  observed  by  these  two  groups,  the  work  of 

19  . 

Dymova  et.  al.  .  cn  the  thermal  decomposition  of  LiAlfl^’nAlH^  species  is  quite 

(.19)  !'•  N.  Dymova,  M.  G.  Roshchina,  C.  S.  Grazhulene,  end  V.  A.  Kuznetzov, 
Dokl.  Akad.  Nauk  SGSR,  184,  133  b  (19 69)- 
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similar  to  the  behavior  observed  in  the  impure  LiAlH^  samples.  The  compound 
claimed  to  be  Li.JVlh„  decomposed  wirh  a  strong  exothermic  effect  from  160-220®. 

-  _  --  f 

The  exothermic  effect  following  the  endothermic  phase  transition  (only 


exotherm  of  Figure  1)  has  widely  been  interpreted  as  indicating  the  formation 

C  -  __  . 

of  LiA19,?.  Recent  work''  has  shown  that-  this  compound  is  most  probably  Li^AlHg. 
Comparison  of  the  thermograms  of  an  authentic  sample  of  Li-AlHg  support  this 
conclusion.  (Figure  l) 


The  thermal  decomposition  of  LiAlK^  is  then  summarized  by  the  following 
equations.  :  -  - 


"  3  LiAlH,  •*  Li^AlHg  +  3  Hg  +  2  A1 

Li^AlH^  -  3  UK  +  3/2  »2  +A1 
'  ;  _  LiH  +  A1  -  "MAI"  -  1/2  H£  (15) 

The  last  reaction  is  of  interest;  in  that  pure  Li}l  melts  with  little 
deconposition  at  630°  while  LiH  in  the  presence  of  Al  metal  has  been  shown  to 
decompose  at  much  lower  temperatures,  presumably  involving  a  solid  state  reaciioh 
between  LiH  and  Al.  ~  A  thorough  study  of  this  reaction  has  not  been  made,  but : 
it  would  appear  that  there  is  some  dependence  of  the  temperature  of  decomposition 
on  the  ratio  of  Lificto  Al  metal.  -  -  . 

Rer *1  is  from  uhe  ~fik-l'3k  study  of  Nc-Alfb  and  KAlHjf  suggest  that  these 
complex  metal  hydrides  decompose  by  a  mechanism  similar  to  that  found  for  LiAlH»,. 

4 


(13) 

m 


— ^ 


Figure  2  illustrate?  a  typical  result  for  the  thermal  decomposition  of  JlaAlH^. 
Following  a  strong  endothermic  effect,  which  is  reversible  and  associated  with 
a  phase  change,  two  endothermic  effects  (212-250°  and  250-300*)  occur 
concurrently  with  loss  cf  75^  of  _ the-  hydridic  hydrogen.  Although  a  clear  break 
in  the  TGA  curve  is  not  evil ere,  there  is  an  inflection  point  suggesting  that 
the  loss  of  hydrogen  is  occurring  m  two  steps  (Equations  16,  17).  -i 


3  ffeAlKi.  -  Sa,AlH^  +  3  H,  +  2  A1  (16) 

-  3  NaH  +  Al  +  3/2  (.17) 


The  high  temperature  endo therm  (300-402*)  is  most  reasonably  assigned  to  the 
decomposition  of  NsH.  The  conclusion  that  HaAlH^  decomposes  through  Ma^AlHg 
is  supported  by  the  thermal  decomposition  of  an  authentic  sample  of  the  latter 
which  undergoes  decomposition  in  the  same  region  as  the  third  endothermi  c 


effect  found  with  SaAlH^. 

The  DTA-TQA  trace  i ?r  KA1H«  shows  three  endothermic  effects  which  are  _ 

-  -  "  14 

accompanied  by  weight  loss.  Again  the  formation  of  K^AlH^  is  not  clearly  resolved 
in  the  TGA  curve,  but-  is  strongly  suggested  by  an  inflection  ih  this  curve. 

Complexes  of  the  type  MfcihVL  (M  -  Li  or  Sa  and  L  -  tertiary  amine)  have 

-  -  -  .  - 

been  assigned  two  probable  structures  on  the  basis  of  infrared  data  (i  and  II 
below). 


>i  iiirtiiiyiiu  ii.liitoilrtiiiHiiiiiiiifciiiiui.iiil.H  . . .  l( ' 


h  3 

fL-ic 


H  fc 

K-W” 

^  N. 


The  therm!  iecoaqosificu  of  _  such  as  I  night  he  expected  to  be 

siailar  to  tbs*;  of  the  parent  eosplex  hydride,  especially  if"  coordination  were 
weak. ,  pecc-Bpositicn  of  II  le  expected  to  be  sore  eespiicaied  In  light 

of  the  Tueine  aiune  character  this  compound  would  be  eapected  to  show.  A 
prediction  regard  its;  the  relative  rber*si  stabilities  of  there  two  alternatives 
is  also  j-os side.  TSe  net  effect  of  structure  i  would  be  a  reduce  ion  in  the 
disSortidh  of  the  AiH-+  tetrahedron  through  coralem  ir.‘eracr  ior.  with  the  alkali 
afttal  as  well  an  effectively  increasing  the  sise  ct  the  cation.  In  light  of 
the  increasing  thermal  stability  of  the  . MU 3^  series,  it  Is  anticipated  that- 
such  ?.  S*r-cet%r*  would  result  in  enhanced  thermal  o 'ability.  Increasing: 


the  A13j  cfcar-ao+er  a?  is  the  caxe  in  structure  II  sigh-  be  anticipated  to  reduce 
the  tfcerso-.  st-atiiity.  . 

'The  HsAin^'TMtT  toerift-i.de  cos^yitiot  znvbfses  the  initial  loss  of  a  nine 
•(80r-15V*):  followed  t;,  decaqpcsinfczc  of  the  r  ess  icing  HaAUI^  (Figure  9)»  Inter¬ 
pretation  of  the  fnerssi  at  compos ifiou  of  laATritlrTA  if  sore  ooaplex.  The 
end othersi-n  effect  occurring  rrcs  i9:>29t*  reflect?  a  weight  less  corre speeding 
to  loss  cf  all  tii*  isEin«  (Table  e).  A  ihoxider  on  *:Lis  endo therm  suggests!! 
that  concurs- mi  sri-h  the  less  of  .sRi r.-.f  SaAiH^  my  fc£  deooaposing  to  *ive  le ^AlH- 


whose  ieiomro-TtiOt  i.-  ret 


.hoildir  &f  <t50*.  5jH  is  produced  as 


a  result  of  ’L. 


a-,cs£csxciort  as  evi-xeneed  tf  an  endothermic  effect  at  3^0-^25*« 


a# 

Mo  aiear  ierolvsil on  £t*ps  sere  foai  with  the  uine  coeelexet  of 
LiAiH^.  JS&aneei  stability  cf  tfet  seise  cceplexes  orer  «d Al^  itself 

(asi  L1JLLB-)  ref'—'  Is  the  aafc-SfAV?  nature  cf  the  I£A-BJfc  eujfjfs*  If  I*  net 
possible  to  ftsit?  tie  ^  of  tbs  possible  fbrtjstiote  of  Ul^AiHg  is  the 

eoiirse  of  tte  Ksesosiuct.  is  s.,..  isres  tinted,  LiH  is  the  ecd  product  -\ 

_  *  _  ■  . 

ss  evidenced  by  its  riaracteriE*;.-  ^hr-battc  heeospes iiioft.  It,  is  aoi 

possible  to  ny  if  this  laB  is  produced  directly  £rae  the  decctfX»itioc  or 

fro*  as  LL«*S,-  istasciiaU. 

:  3  5 

m\ 

09) 

fte  ta^seetl  d^ce^ositiac  of  sje^e  issohisg  the  AIJ^  tid  % 

is  sot  striip4  f(K5orh  Ssasi.  r?rfcm  have  cfser/ej  th»t  torchydrld*  «*.. . 
laps  $*  THr  xolsrahes  arsi*  be  itJtSi.’S^-i  fcy  wtfUf  akr  ness  siihiri 

gg 

less  of  tores.  fret-  t|s  as  wh’iie  5-tf«jcjtflrtKS .  '  Use  sue 

HeS-sadt.  serafc'C't,  Sii“hi»s  Crt^«  ifees.  Owa>,  1L  3^5 

problem  of  IHF  sp?eer-s  v  *-.  vccoriEf  in  the  3**s  of  CD&l^*klHF  *ai 

lt:(Aiii  )-  iu^s.-e  of  itr  in  Hhe  E3t  trace  ridrb  cculd  be 

•*  * 

assigned  ?e?1 fc>g._  s**£*^*£  ‘In-  -bis  xs  i‘  posits  is  the  ititiil  tbexasl 
decssspofi^ion  (FI  c « :  ;.  b  the  "ersel  d^eyfsjoitlon  of  (A;EsKfST 


I4A1&  M  *--  LiH  +  A1  -  3/2  E,  ♦  L 
or  :  '-  ? 

?  UAx&'I.  =  Il^JLJy  -  +  2  K1  *  6  I.+31 


.  1 66 

(Figure  7-)  shows  a  number  of  features  which  are  suggestive  that  some  alkoxy 
aluminum  species  may  be  present 'in  the  decomposition  product  of  these  complex 
magnesium  hydrides. 


Table  1 
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Thermal  Decomposition  of  Alkali  Metal  Complex  Hydrides 

Compound 

Thermoicity 

Range  of  Transition 

$  weight  loss 

NaAlHj^ 

Endo 

165-205 

(phase  change) 

Endo 

212-250 

3.3,7  ^ 

{  5.43 

Endo 

250-300 

2.06  ) 

Endo 

300-402 

1.63 

LiAlH.  3 

T 

Endo 

150-  y 

(phase  change) 

Exo 

-175. 

4.25 

Endo 

180-224 

1.97 

Endo 

362-425 

1.76 

Endo 

235-280 

j 

\  3-63 

Endo 

280-320  . 

Endo 

320-380 

0.77 

Li^AlH^3 

Endo 

182-227 

-  . „  b 

Endo 

370-455 

Na  ^AlH^ 

Endo 

223-305 

ratio  of  wt.-  loss 

Endo 

j.05-405 

0.97:1 

Heating  rate 

-  2'/min 

Heating  rate 

-  4 '■'/min 
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Table:  2 

Thermal  Decomposition  of  Complex  Metal  Hydride  Amine  Adducts 


Compound- 

Thermoicity 

Range  of  Transition 

$  Weight  Loss 

LiAlH^*TEDAa  f 

Endo 

196-238  : 

76.2 

Endo 

340-425 

0.35 

LiAlH^*TMEDa 

Endo 

175-180 

Endo 

182-205  . 

73.1 

- 

Endo 

360-430 

0.36 

(LiAlH^)2TMEDC 

Endo 

100-132 

Phase  Change 

Endo 

167-207  . 

56*1 

-  , 

Endo 

395-420 

0.77 

AlH^’TEDA5 

Endo 

.  200-23.8 

— — 

NaAlH^'TEEA8 

Endo 

195-290 

59.6 

Endo 

sh.  max.  260 

•r— 

Endo. 

290-370 

0.56 

b 

__ 

NaAlH^*TM£D 

Endo 

35-50 

Phase  Change 

: 

Endo 

80-154 

60.42; 

Endo 

163-200 

Phase  Change 

Endo 

235-250  ... 

= 

1.26  -  : 

'  -  .  \ 

Endo 

250-290 

- 

Endo 

290-365 

6.42 

a  Heatingrate  =  2  °/oin 
b  Heating  rate  =-  4®/min 
c  Heating  rate  =  6°/mih 
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Table  3 

Thermal  Decomposition  of  Magnesium  Ifydride  Species 


Compound 

Thermoicity 

Range  of  Transition 

%>  Weight  Loss 

MgHg(THF)b 

Endo 

3k?rk25 

Ether  )a 

Endo 

320-360 

(AlH^)j^THF^ 

Exo 

35-90 

34.4 

Endo 

120-172  ^ 

Endo 

172-192  / 

5.4 

Endo 

205-230 

Exo 

360-495  \ 

Exo 

495-510  ) 

;  16.4 

ClMgAlH.  *  4THP^ 

Endo 

50-87 

19.6 

Endo 

87-115 

16.3 

- 

Exo 

115-160 

11*9 

Endo 

160-297 

5-9 

Endo 

297-322 

Endo 

322-345 

l4.i 

Mg(AlHi!)2*TKFC 

Endo 

92-170 

38.4 

Exo 

17P-188  ; 

26.1 

Endo 

330-377  ) 

Endo 

421-440  / 

4.9 

a  Heating  rate  = 

2*/min 

b  Heating  rate  = 

4e/min 

c  Heating  rate  - 

6°/ min 

Figure  2 

A  -H-  /  TGA  JfeAlH^ 
B  - — — t —  im A  NaAll^ 


DTA  Na_AlH,- 
3  o 


bUMH 


Figure  h 


k  mA  MgHg  from  THF 

B  TGA.  MgHg  tCro»  (CgH^JgQ 

c  *f  f-r  ion**  Mg^2  fTon  io^)2o 

D  - - DTA.  MgHg  from  (CgH^O 


TEMPERATURE  *C 
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Figure  6 


A  — ^ - -  TGA.  of  ClMgAlH^THF 

B  . .  .  DTA  of  ClMgAlfij^THF 


.TEMPERATURE  °C 
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Figure  8 

X  ••••• v 

L1A1Hj.*TMED,  DTA 

B  -•  -•  - 

TGA  LiAlH^-TEBA 

C  - — rr- 

DTA  (LiAlH2|)2*TMED 

D  — •  — •  — *  — 

DTA  LiAlK^'Om 

,E  oo?osoo 

’AlH3«TEDA,DTAr  ; 

ATURE 


Figure  9 


A  -  TGA.  N0AlHI|*Tf‘£D 

B  -  DTA 

C  •••*••*  DTA  tfeAlH^ 


TEMPERATURE 


Figure  10  7  ; 

A  .  OIA  for  KaAlH^  (not  slewing  *faH  d«eo«pos\tion) 

B  TOA  for  NaAlH^-TET*.  C 

C  - -  OTA  for  KaAilij/TEDA  - 


200  300  400 

TEMPERATURE  °C 
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Synthes i3  of  Alkyl  Magnesium  Hydride 
E.  C.  Ashby  out*  H.  5?.  Wall 

Abstract 

The  synthesis  of  alkyl  magnesium  hydrides  by  several  different  pathways 
is  now  under  investigation-  These  include  (I)  pyrolysis  and  hydrogenation 
of  dialkyimagnesium  compounds,  (2)  reduction  of  Grignard  reagents  and  (3)  redis¬ 
tribution  cf  dia lkylma gn  s iua  confounds  with  magnesium  hydrides. 


(RCHgCHg)^  — RCHgCH^  +  RC^Cty MgH 

(1) 

'i.  . 

7  . 

RCH=CH2  +  RCH~CH2MgH 

(2) 

RMgX  +  WbHl  -  HeX  +  RMgH 

•  (3) 

RgMg  +  MgHg  -  2(RMgH) 

(*) 

Introduction 

G.E.  Coates,  et  al.,^  have  reported  that  diethylmagnesium  and 
sodium  triethylhydridoborate  redistribute  to  give  diethylmagnesium  and  magnesium; 


(l)  G.  E.  Coetes  and  J.  A.  Keslop,  J.  Chem.  Soc.  (A),  Jlh  (1968). 


hydride  at  0®  in  diethyl  ether.  When  the  reaction  was  carried  out  at  -78®,  ho 


magnesium  hydride  precipitated.  At  -7 8"  a  sample  was  taken  from  the  reaction 
flask  and  hydrolyzed.  The  analysis  rave  an  ethane :hydride  ratio  of  1:1.  If 
the  original  reactants  had  been  present  the  ethane: hydride  ratio  would  have  been  : 
2:1  for  an  equimolar  mixture  of  dieshylreagnesium.  and  sodium  triethylhydrldo- 
borate.  The  following  reaction  was  proposed: 

NaEt-BH  +  EtgMg  =  EtM^K  +  liaEt^B  (5) 

Coates  reported  that  ethylmagnesium  hydride  is  stable  at-  -78*  but  starts  to 
disproportionate  at  -20rt  causing  magnesium  hydride  to  precipitate. 

2(EtMgK)  -  EtgMg  +  MgK2  (6) 

Since  disproportionation  of  ethylmagnesium  hydride  would  be  expected  to 
be  more  facile  in  diethyl  ether,  most  of  the  proposed  syntheses  for  alkyl 
magnesium  hydrides  were  carried  out  in  hydrocarbon  solvents.  Alkylmagnesiua 
compounds  other  than  ethyl  are  being  investigated  in  the  hope  that  they  will 
prove  more  stable  at  room  temperature. 

Experimental 

Apparatus,  -  A  Mettler  DTA-TGA  was  used  to  study  the  thermal  decompositions  of 
dialkylmagnesium  compounds.  Chemical  reactions  arid  manipulations  were  accomplished 
by  use  of  dry  nitrogen  bench-top  techniques  or  in  a  nitrogen  filled  glove  box. 
Infrared  spectra  were  obtained  on  a  Perkin-Elmer  621  Spectrophotometer.  Cesium 
Iodide  liquid  end  mull  cells  were  used..  A  60  cycle  Varian  A-60  was  used  for  nror 
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2 

spectra.  Gas  analysis  was  carried  out  on  a  high  vacuus  line. 


(2)  B.  F.  Shriver,  The  Manipulation  of  Air -Sensitive  Compounds, 

McGraw-Hill,  Hew  York,  'dev  York,  (1969)* 

Analytical.  -  Halogen  analysis  was  performed  by  the  YolLard  method.  Magnesium 
analysis  was  carried  out  by  titration  with  ISTA.  Aluminum  analysis  was 
carried  out  by  excess  EDTA  addition  and  hack  titration  with  zinc  acetate 
solution. 

Beagcn&s.  -  Benzyl  chloride  was  dried  over  calcium  chloride  then  distilled  under 
vacursB.  Alkyl  halides  were  dried  over  calcium  chloride  then  distilled. .  Biethyl 
ether  was  distilled  over  lithium  aluminum  hydride.  Sodium  hydride  in  mineral 
oil  was  obtained  from  Ventron  Metal  Hydrides,  Inc.  Benzene  was  distilled  over 
2 odium  aluminum  hydride.  s-Butyliithiua  in  cyclohexane  was  obtained  from 
lithium  Corporation:  of  America. 

3 

Preparation  cf  Dl-s-ButylmagaesiuK.  -  A  solution  of  s-butylmagnesiuat  (1  molar) 

(3)  Oonrad  Kamienski  and  Jerome  F.  Eat.ofcsn,  J.  Org.  Chem> ,  3k,  111 6  (19 69)  • 

in  diethyl  ether  was  prepared  from  s-butylchloride  and  magnesium  metal.  The 
.analysis  of  the  resulting  solution  indicated  a  butane: magnesium: chlorine  ratio 
cf  1. 01:1. 00:1.14.  The  Grignard  reagent  was  refluxed  ana  benzyl  chloride  added 
in  290  Molar  amounts  until  1  mole  had  been  added*  Magnesium  chloride  precipitated* 
The  precipitate  was  isolated  by  filtration  and  washed  with  benzene-.  The  last 
trace  of  ether  was  removed  by  eodistillation  with  benzene.  An  analysis  of  the 
magnesium  chloride  indicated  a  magnesium: chlorine  ratio  of  1.00:1*90.  A  molar 


quantity  of  -- -i utyili^Lfuss  equal  tc  of  tf.e  chloride  v~-:«rt  ration  vas  added 
ara  -thrive  *»*  -iOJrr  over  a  period  or  1-  hoar-’ .  h^ifaics  hioride  precipitated 
ai*r-t  *?-5liet@aesi-i®  ih  a  jsixad  solvent  of  fcena-etv  -acd  cycichexaus. 

Tie  litci-us*  chloride  was  filtered  snv  the  solvent  ryccr-sd  is  va-rao»  The 
di-n-fcvyiss reiiiivlY-:;;  icien^K.  An  ancly^in  of  tbe  solution 
Lulfr-c-'i  *  t  .c-ice *s-£r secies  ratio  oi  An  tsr  spectra  e-f  the  solution 

shoved  rhe  following  absorptions;  9»'i9  T  (fculiip-,e+),  *J.  ?7  T  { triplet } ,  ti.^3  f 


(dcnller } ,  :vff  {jrCfipIet) 


a~.  Vf-iCrsi icn  centered  at  6.57  f  due  to  a 


ir-j  -e  of  otrr-r. 


Soii-Ji  liydriic  and  R-Bu'.yusagness-vg  Chloride.  -  Soils*  hydride  (25  aoole)  uas 


stirred  with  n-fcAvylBagnesitac  chlorine  («ji  anoae)  in  3.00  ad  .of  triettylaisine 
oyer  period  of  3  days*  She  rii-seiiurle  aster  is  1  vat  flit -red  and  dried  in 
vacuo  a*  25**  Analysis  of  the  residue  indicated  a  sodnumrhyarogen  ratio  of 
1.0Cii.0C‘:  aagnesius  and  chlorine  were  absent.  Ihe  analysis  of  the  filtrate 
indicated  a  c  v  ate : Bjgne^ncstchjjoririe  ra*io  of  i.-OOtC«9£sl*<535  hydrogen  was 
absent.  .  .  ^ 

I-ihhiua  Hydride  sa-d  n-Bu^yltregne>  juft  Chi cride *  Trie  t tyl aaina  tc .  -  A  solution  of 


*%  v-  *  11  .  I  -  * 

n-cui.- 


isft.ci.esi-.-ia  chlorine' tr  lethylaaina be  (0.3  solar)  ira.-r  prepared  in  benzene* 


(V)  -1  c-  Ashby  end  R.  Reed,  -J.  Ors.  Chet.,  31,  971  (1966). 

Analysis  indicate i  a  n-buiane ; magnesija:;chivrir.e  ratio  of  i.CC:i.C<?:1.0B. 

LitMna  'h;t  <J;  ide  »,s  prepared  via  fcvdrogenati.cn  of  flout yll  it  hi  ta  at  3000  twig 
ana  it'*  frte  analysis  indieanea  a  li'h in* :hydrcgcr.  ratio  of  I.OC-i.OO.  Lithiun 
hydride  (-0  anolev)  was -stirred  sitrc  rt*b\iT.viffsgae:3ius  chloride*  triehhylaariuate  t 


(kO  a»ic)  over  a  period  of  -  dav£. 
ixRttci^x  2  liihius rhydrid*  ra'  ic  of 
filtrate  -anal/sis.  indicate!  a  car^.i. 
was  found  to  to  absent. 


rhe  resHuf,  was  filtered  and^anaivsis 

•  . 

I*00;1.0C  and  chloride  wa:  absent.  The 
.  ^stiduorxne  rt>+io  of  l.O>:1.00  sad  fcydrogeja 


Bfe-Bunylaaaneixids  and  Segue  siiEjiyirite.  -  Hagivsiiet  hydride  (£5  *fs 

prepared  by  stirring  diet-hyjaagafrsiag  \S>  ssau-xe)  ana  lithi  ja  aluxiniai  hydride 
( i2. 5  amol?)  in  e^har  at  25*  ever  a  period  »f  2  hours.  Sfecnesi’-*  hydride 
(25  ■*>!*)  was  stirred  with  il  -s-fcatTlfcagnesiaa  \25  snsolc)  in  ether  at  <5>  over 
a  period  of  £b  hours.  ih^abL'tire  va*  filtered  and  the  residue  dried  in  vacuo 
over  a  period  of'  2  bo:r.  *■*  Itie  residue  analysis  indicated  a  aegsesi\»:hydrogen 
ratio  of  1.00:1.03.  Ihe  filtrate  analysis  indicated  &  ratio  of  t uia r.e : *3 gne i iua : 
hydrogen  of  1.^5:1.0C;G.Sl.  The  infrared  spectra  of  the  filtrate  gave  a  broad 
absorption  fro®  1571  e®~  90G  -cm.  and  775  cm  to  ^55  c*  x.  The  n*r 

spectra  contained  several  extraneous  :ig~»is  and  i»  interpretation  was  atteapted. 

In  another  exr-«ri»er>,  ssvoesxje  hydride  m6  prepared  es  above  (25  ■■ole), 
filtered  and  -cashed  with;  benzene.  Th-  *agnesi"J*  hydride  -stirred  with  di-s- 
butylae  gr.es  iu*  (25  jaaiole)  in  benzene  an  25"  oyer  a  period  of  2b  hours,  fbc 
Mxtnre  war  filtered  and  the  filtrate  analysis  indicated  a  ■ageesiuaitay&rogen 


ratio  of  1.00:1.00.  ihe  filtrate  analysis  indicated  a  butane : aagne s iu« rhydrogen 

ratio  of  1.10:1.00:0.97,  the  aiuairnauaagnssiu*  ratio  was  found  to  be  1.00:6.00. 

~  jL_l  j  .  ^ 

An  infrared  spectra,  had  broad  absorptions  at  1320  cs  to  793  cm  ana  750  cm 

.  -a 

to  b50  ca“a'.  Ifee  nar  of  the  filtrate  was  cot  interpretable  due  to  extraneous 
si^na^i 


:  1& 

gyrolysi;  f  -  p-Butylmagnegi-.*  (to  sole)  in  hecrvne  ws 

rei'iuxei  i£4&?--e&TC%ez-  ever  ^  period  of  iri  hours.  '5.  precipitate  i»s  formed  : 
almosv  isaEdiaisly.  II*  precipitate  analysis  indicated  *  ;cagoesf  arhyiride 
ratio  of  1.09:2*96.  ffce  filtrate  anslysis  indicated  a  hu  ?  5 se : as gnes ium thydrogen 
ratio  of  i.£l:i.op«VI5>=___uhe  nsr  ii.xj*  *sv  t\e  L»w?«  ar  that  of  di-s -butyl - 

exc;~"  t  il  jJ  3sU —  .  t  j35g» 

Kto  jj&alysis  of  M~ir]&v/l£^gegsiim.  -  J?S.-lKSfi.  am  lysis  of  nest-  di--s- 
Vth^eissgassitSE  s^| ;-*»£  carried  out  at  9  seating  rat e  of  5c/mia*  35»e 

sva^le  started  losing  weight  almost  isKdia-eely.  fo  cxotr.eroiv  resets  on  began 
at  1<K?*S  and  terminated  at  ITt'C.  "be  reaction  vss  s  two  process.  Tfce 
staple  continued  to  lose  weight  until  magnesium  hydride  -decomposed  %*,  32D*.  '.- 


Results  and  Discus  glen  ; 

Laeoratory  prepared  ixthiu*  hydri  de  failed  to  react  with  n -butyl 
chloride-  ;  r *  etbylistisa  te  in  benzene  ana  sodium  hydride  failed  to  react  Tilth 
n-tutyl  chloride  in  tree  thy;  a  nine.  - 

Tl&  pyrolysis  of  di-s-butyisBgnesium  produced  «.  small  amount  of 
s-hufcyljfegr.esi<3«  hydride  that  «ss  soluble  in  benzene.  tfee  major  product 
however  vas  gr.es  fuse  hydride.  The  har  of  the  filtrate  indicated  the  fiditional 

splitting  of  the  s -butyl  group  could  tc-  due  to  tbs  hydrogen  attached  to  smgnesiui 
ihe  SsA-TuA.  indicate;  one  s -butyl  croup  is  preferentially  cleaved.  The  - 
"energy  difference  xt.  the  two  step  loss  of  butyl  groups  is  smell  and  in  pyrolysis 
both  groups  are  resowed  almost  simultaneously,  producing  only  a  small  amount  of 
s -h’xhylm  gnesium  hydride.  ; 


Tee  cast,  approach  found  to  date  is  the  redistribution  of  di-s-tutyl- 
aa  gr.es  iu^  srui  nsgnesiuss  hydride.  Ebsseutal  analysis  indicates  the  pres er re  of 
s-butylssgsesius  hydride.  She  i-drai  ed  spectra  indicate  a  esgpesiuc^-kydrogen 
streiehirg  band  similar  to  the  tread  absorption  card  observed  for  She 

rw  was  last  iuterpre table  due  to  sissisra  contaminants  freas  the  synthesis  of 
EKgTxesius  hydride  by  resetisn  of  iithiur  aiunlnus  hydride  ar-d  diethylsaguosius 
which  produces  Xitbius  teiraethybalnanrate  as  a  by-product. 

Planned  Synthesis.  -  Further  and  cere  precise  exploration  of  the  redistribution 
of  the  systes  will  he  carried  cut.  Jfegnesiua  hydride  will  be  synthe¬ 

sised  via  hydrogenation  cf  di-S-butylssgnesicEs  in  benzene  in  order  to  elisinaie 
aluasinua  contasinaticn.  Ween  alkylsagrssita  hydrides  are  isolated*  their 
reactions  with  olefins  to  produce  new  dialkylaagnesiua  ccespounds  will  be 
carried  out.  the  new  unsyaoetridal  (Fi^R‘)  compounds  will  then  he  pyrolyzec 
in  atteept  to  produce  new  s- burins gnesiia  hydrides.  She  srolecular  association 
cf  the  new  cowpounh.*  will  be  studied. 

Other  possible  routes  placed  are:  the  pyrolysis  of  uhsyspetrical 
dialkyl  aagnesius  compounds  in  tbs  hope  that  the  energy  required  to  reaove  one 
alkyl  group  will  be  each  greater  than  the  other  alkyl  group.  Reduction  Of 
dialkylaagnesitsB  eoispounds  via  hydrogenation,  dialkylalusinus  hydride,  and 
trialky-tin  hydride.  Reduction  of  Grignard  reagents  via  hydrogenation  and 
potassiun  hydride  will  also  be  stuaied. . 


fSsymtaf  i*€A  9-3:?  SS?=  .f 
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Concerning  die  Existence  of  HMgX  Compounds 

ErE  C-  ASHBY.*  k.  A.  KO VAR.  am*  K.  iCAWAKAMI 
RegesciJmJy  X.  1X3 

Tfcc ee**HMsX” (zicn X  «  CL Br.asd 1 i^%.te^u&^^HT>i^otGwgaa3iaB^ggs 
SI  Cwthyl  <t’*T  ti*s  lvi-n  prttac«i'}'  Kjwftd,  TSsaatbralieisy  <f  Vx  'iiMjX"  fwfeaji  ife&srsd 
ca<sttcfMsH<»i  McX:«EsJ»re!^dti-!jiwiI',i8IljiitE^;:3’b5,X-!a;p5Wxj,fa«ti3'jjaoeL!Kkwit!al  lift 
pamkr pn'-ttrsj fae ils "liMjX" cjej tyeatSs.  wilt  dScnritfroEi  tteati  M;5I:  »i M^X;.  Arc^ttslba  of  &s»jr£t 
pj-ts  a^iUoal  salt  i»iiciU$  tbst  b|Ci  (sjA-opacips  aaf  pynjtjsis  ^  Grissari  osEjUKsi  fJjts  tel  pro-iocc  HMcX 
cocEpocTsds.  lit»l  a  j^nis!  ssatace  d  RgHs  aadi  SigX;.  "Rk  reisso  fer  tilt  &xnp*txy  His  the  cc=sniiisoo  by,  pose  wA- 
«s  of  X-ray  ponder  (alias  ►x  ";IMsX"  osaspotuidi  eoeliisia?  05-03  rod  of  cthor  oi  siirjlna  wiih  elhw-free  if  fll- 
ud  MgXj  wslaaiss  ll!  sssl  cf  dsa,  XYfcrs  aKputfoa  jf  X-ray  ponder  patten:  data  was  esade  i  <  iHe  ”HMiX”  cos- 
pac£d«aa>l  Ms;! I; aa4  MyX: cse,*afebsj:  tie  same  ans*:-l  of  rtbor  of  Kirstijs,  the'HSIxX”  vtatpoesdiiim  fotffid  to  «(* 
&$!{..  the  X-ray  powder  -racs  at  those  facad  fee  a  physical  osiatoreof  M^Hsaos  M^X-. 


Introduction 

The  hydridomsgnesium  halkfes  ('HM^X'”  com¬ 
pounds)  represent  a  novel  new  class  o*  compounds 
which  presumably  can  function  as  a  selective  reducing 
agent  toward  organic  substrates*  and  as  a  starting 
mrlcrial  toward  novel  complex  magnesium  hydrides. 
The  first  comprehensive  report  of  the  preparation  pf 
**HMgXM  o impounds  was  made  by  Wsberg  and 

Ill  -i-  wY,  a  O  i»-^'rkl  itoc-!  be  Kil. 

>a  "IfJjX  is  9Klc  via  be  e»I  to  ir^txti  iWe  fnt«(  kmt 
lyr^rut  fi  Wfnr-k'sa  rt  Giuwd  c>MS>i«si«  «Sc<S  km£((  J-3  Ob 
itTortbar  .  iEra«uiat<tU|,il:ulM[X- 

<S)  R.  A.  Firotvve,  tiUttt,  IT,  2623  iISST*. 


Strebcl*  hi  1037,  Tfccst  workers  reported  the  prep¬ 
aration  of  crystalline  soluble  compounds  oC  empirical 
formula  i  1  MgX  -20(C;H«):_-  where  X  =  Cl,  Br.  and  I, 
by  the-  reaction  of  ethyl  Grignard  reagents  and  dibora ae 

CCdltMtBr  -r  ibHi  — »-  CHMgBr  -f-  2(G>li*?*B  ft) 

Later  we  reported*  that  it  was  not  possible  to  isolate 
these  compounds  under  the  exact  conditions  described" 
earlier4  or  under  a  variety  of  other  conditions  that 
might  be  favorable  for  forming  such  compounds.  In¬ 
stead,  only  chloromagnesium  borohydride  could  be  ob- 

f«  E.WiblTcaadr.SOtbd,-r«3,**T,9li9}i). 

15}  W,]i.P-du«»i  ISIOIX^. 


*tls  li.  C.  ,\sitn.  R  .V  X>*»  \x  akj»  K  KawakajM 

^■''*-1  kI  tl^*  ^KKSSSStiy  (4  fc 

ot  the  mode  of  reagent  ailitk-a  The  reaetx-a  jsn. 

ftakd  aSv^ilis^te 

-r  -&If  —*■  CiM.-BiJ,  +  051**15  iSi 

Stsielin^  LsUt  r«yia?.a  ift'  Elficeva*  reported  a 
r  nt<  t  *  raeaKSsK  t&  method 

»vs4vfal  tbe  5«fs^ssaj--4s  ef  etbvfe^Ttssa 
&fc^X  ~  CLKr.I  R -  H- 

RcsysiiSfts  t"  ik  -^>-  stolen-  -  gs^  a 

Tlxy  Kesi  tfet  i.M  the  f  >  M^X  esipotsis  sere 
•SNC&t-le  ei  1 be  itfcsj  ocganse  solrtsts  ssd  the  ptod- 
uets  eoclwiued  a  REse^^k^setne  azmsist  of  ether 
cuRtraty  bt  the  resells  repeated  earlier  by 
as5  SirebcJ.  They  proposed  a  jSf4ysjffie  *4r3f«are 
&>f  "Ire  IIMxX"1  eonspussfcXs  Hestsg  si=5  coofesj 
esr?ifis  i-  sell' as  g»s  eitiatsa  pcl/tsdss  &r 
extends  were r<-peritd  sr.i  dLcus^d.  TbeilMgX 
««f«ads  ds^d  s  anvrdise  aad  esdother- 

sic  efret  at  ar^^skd  %  earc-fetka  of 

S5S-  tfeto^^*Kas^ad{as2e-jaEK*£6hr 
d%*«po<t»ci3iioa  of  ”IIMgX"'  to  MgH»  and  \:-X: 
aoeota^iiedlrtr  a  loss©!  ether.  AE  subsequent  effects 
*3  tfcra«Ee(ik  aiabss  <t  trtsperaturis  higher 
than  125'  sere  eos&ibtent  xith  irsiMtiss  occurring 
m  either  MB!I;  er  M^X-  predaod  m  the  thermal  dis- 
fftywilaiSjSam  rcactwn  Thus  the  coodasacc  mas 
that  ‘T|*IjX“  compounds  are  formed  by  the  hydns 
gtafcis  cisGrijaanJ  caepotaids,  fcorwtr.  dt-pcoper- 
twcatk«i  to  MgHs  aad  MgX.  occurs  at  125*. 

At  aeovt  the  sarjc  time  as  *bt  priwnrx  repeat. 
**  reported1  that  hydrs>g*9ogysis  <4  ether  solutions 
of  various  Cngsard  reagents  Jed  to  the  femutien 
«s  MgH;  awl  M>;X;  readily  and  rfcanh*.  TfceappcRsl 
WKftitstteac}’  between  these  two  latter  reports  fc  «- 
sofred  n ben  it  *-  jcaKzed  that  me  mashed  all  products 
m  the  wort-up  procedure  with  tetrahydrofuran  (eq  4) 
T'.IF 

2HS <?X  — ►  3*e«.  ■>  il(X-  ,4) 

in  as  attempt  to  remove  the  tetrabrdrofuran-ss&bJe 
MgXi  compounds,  while  the  Russian  workers  dawn 
that  "HXfgX"  compounds  disproportionate  in  tetra- 
byrfrofuran.  One  dcerepaiKy  that  was  .K-t  readved 
however  is  the  fact  that  in  the  cases  of  nytirogenolysis 
of  RAfgBr  andKMgl  compooiids  we  found  that  MgH* 
and  MgX-  were  indeed-formed  before  tetrahydrofuian 
washing  of  Ihe  solid  since  nearly  all  of  »he  MgBr* 
and  Mg!*  were  found  in  the  diethyl  ether  solution 
immediately  after  hydrogenolysis  and  prior  to  washing 
of  the  solid  with  tetrahydrofuian.  On  the  other 
hand.  Russian  workers  claimed  that  MgBr-  and  Mgl; 
were  not  found  in  solution  but  in  the  soled  phase  of 
the  ceactkm  mix  Dire.  Since  MgCJ*  is  insoluble  in 
diethyl  ether  wc  could  not,  at  the  line,  say  that  in- 
soluble  KMgCl  was  not  initially  formed  by  hydro- 
genolj-sis  of  the  RMgCl  compound  followed  by  dis- 

m  T  V  l««wi  >fcl  N  r.  Ei^nj,  Kmr<  J.  Ix**t  CO.«_  t,  S5J 
■  (?&;■ 

■~i  W.  K  Urrkcr  mvrl  E.  C.  Or£.  Cl.*  n.’i’A  U/*l>. 


(l«wisay 

50?,>strsiu^Q  of  the  HMjO  og  waiting  with  tetn*- 
ftydrsfuraa* 

A  thsd  r*E£te  repate!  te-{rwke  '"HXfgX”  «cs- 
pcands  mrtivei  the  pyn@yj£s  m  Grigtard  eesposads 
at  ^Sb3.  Kke.  d  J.=*  npstiai  the  p'*paaUs3  of 
fessplratftl  HXIgBr  by  py«Ipi  **  eUiTimsgnesjaia 
bfccside.  Tee  ssh>s  «f  the  prdsd  jj^ed  to 
be  imassaSy  gx*l 

Ts-s  insleri  cited  X-ray  pcs-ir  ptitee:  thb  sTa- 
kc  V;  whkh  rea  rcpate%  diSertst  fma  those 
ef  s&5  MgSr;.  Therefore,  it  «cs  asefekd 

lhai  riilglir  ej^i  not  be  ss  ssslsse  cf 

MgH-asd  IfgBr*.  I'r*.v  to  the  rtpevt  t-y  Kwv. 
w^kers-repusti-d  that  “HXfgX*  cospo^J-  acfcwSr 
■ssst  as  tf^ehr  &xtari  os  hyhile  and  !s«de  ®-'- 
These  wtskera  Lcaed  thdr  cadsisg  prkaaSr  oa 
tse  r«pii  rate  at  vtlks  isagsesksa  IctTide  •.»  edtsisl 
whesa  these  pspodsets  ue  siure  l  with  THb  «r  ether 
Ifer*.tr.  sset  Rkau  yf  s*,  nyorted  that  ettrsrtsua 
of  “Bys&=  with  lay  ether  led  to  <£hpre$&i&&£i# t 
to  Mjn«  lad  5fjSr;  !■<*/*«*  by  eirafia  oJ  the 
rsagaemss  hsosukk,  dse  easier  reports  srse  dis¬ 
counted. 

T^«eteress4?p^Uarsf!&»s.  IX»'"HifgX~ 
coBEipoands  cist  as  discrete  species  differsEg  iraa 
erpamofer  miriure>  of  icsagscsfeto  hydride  as!  the 
cnewfifc’  sagsuara  bsSdt‘  Ifees  ireatesest  ef 
»3  TIMgX”  cssspsesd  with  letrahytamcoisn  ©r  e&- 
et hyl  ether  resah  hi  see  pie  afiadicn  of  ej^scjss 
hahde  from  the  Kutarc  or  is  mageicsEini  kiS3e  a- 
tnrtiofl  preceded  by  dxspcoportionauoaof  tlx  “HMgX” 
to  haSde  iad  lydride?  Farthers* re,  U  HMgX  cess- 
powds  db  earist.  are  tbqr  arifcbJe  crysialfee  ec^sposEd* 
coctaining  2  tqav  of  ether  iIiMgX-2*>CTl  r]  as 
reported  by  Wcbecg  or  arc  these  c©ejpo«sads  ss ofebfe 
pdrasuir  solids  carrying  aoB^oidwoxinc  issoenta 
of  soivest  as  repeeied  by  Drssra?  arc  HMgX 

cc=Ttpocnds  subject  to  therxuaEy  iftiocftl 
tkmatioQ  at  ~JS9  as  suggested  Jr-  Djswa  or  arc 
these  specks  stable  when  heated  to  ~2e*?“  as  ssgtded 
by  Rkx? 

Ez^erime&Ul  Section 

Ft***1**  wrf  Nilcnds. — MasJ.'rbtea  *.«  ss-iieava=s 
Brttrab  was  *x-jc‘.'4tt-’5cd  iby  hc  rF  sUsbd  srS- 

r.Kjocs  a«j  ^y  nlKSea  p»jqe  or  si  a  -ijjbnS  «tp%pcd  »:t';  w 
i!aa>#<iRferi5a:ag  syrtesa  fetaswa!  o5  eqas  ial  cage*, 
tarr.”  X-Rij-  p»nJcr  cSfrictsoa  ila'a  em  s**e«!  mix  * 
VkSsps  XMitte  X-ray  Sat,  aiiC?  at  !  I  >hv.  daatio  ossco 
wrtb  Xi-Ri’rrcd  Ka  ndutioe.  EipasEre  fasts  w.t  6.»  hr  f-< 
aH  jarspks.  i  sfaesss  were  evalealed  &>isy  a  preta^sated- 
k3jc  fwtpd  with  vjewtss  appiritss.  Lr<  sttsststs  were 

£*5  n«.  *f  o*K.  r*i~j — i iS't— r  ■> *i  ,e  Sack  Jte: 

oriieo<fi?aCe(M  lic^gntTef  Ike  mckmm  wi  b  in^ee  tie 
Crww*e< title |eei<W  tt»Sn woeap 

*^1  meina  t»  eke  fem  rtytet  da-wt  BfceinvOttik<wiia*> 
Etotameew  tneifc  t«pKri  tw«  Criturl  c»tt  besapt  ea 
»*e4.  The  Mtae «oi  tad  t«"ly  t4 tke att»o<™  wrffe  Ikliima 

t^rtn*Uas. 

^  i:  J  Hie.Jr.4iJ  •*  J  A«Jre&-».  Terta^  KqMitaOrOSeeJ 
Nie»I  Jtw4rrk.  extract  OJtN-Jni  sOJi.  IjtSC 
•1C}  5E 'W51rT-M4KS»»C.e4ew.*e-,«»,5?JjJir.r-. 

•Iri  .VJiSWt.fwJtfcil.W.  JS3*t3J7j. 

»J*r  T.  I.  Bro»c,  r»  W  Ukiei!»rf  [j  ,C  Jufae.  as!  r,  E  JJent 
fee  <IW;. 
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Pyrolysis  or  Gxicnakd  Rragknts 

KxiwrimcnU!  condition*  -  - . .  . . 

'Reaction 
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lime, 

Pi ensure. 

<—  - - - - ;  r 
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- - 

no. 

RMxX 
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hr 
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II 

Mg 

X 
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CMliMgllr-KOfCdbh), 
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0.88 
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0.08 

.  ,»> 

CdUMgBr. 
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3 
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1.(10 

0.99 

0.31 

_  4 
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a 
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5 
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6 
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*.  9 
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3400-3800  psi  of  hydrogen.  The  white  compact,  precipitate 
contained  an  H:Mg:Br:ctE:r  ratio  of  1-88:1.00:0.07:0.03. 
The  filtrate  contained  0.19  g-atom  of  I*Ig  and  0.28  g-atom  of  Br. 

Dimeric  t-Butybnagnesium  Chloride-Ether  in  Benzene.— I- 
Butylmagncsium  chloridc:cther  (0.075  mol  in  150  ml  of'benzcnc) 
was  heated  at  150*  for  5  hr  under  3500  psi  of  hydrogen.  The 
gray-white  precipitate  which  formed  contained  an  H:Mg:Ci: 
ether  ratio  of  0.96: 1  A):  lv02 :0.05. 

Pyrolysis  Procedure. — A  number  of  experiments  were  carried 
out  in  order  to  determine  the  best  combination  of  reaction 
temperature  and  time  needed  to  produce  a  pure  HMgX  product. 
Typical  results  are  shown  in  Table  II.  A  typical  procedure  for 
pyrolysis  of  Grignard  reagents  follows. 

Grignard  reagents  in  ether  were  charged  into  a  200-mi  round- 
bottom  f'aslt  containing  a  large  “egg  shape”  stirring  bar.  The 
ether  was  removed  under  vacuum  at  50*.  The  Grignard  solution 
gradually  became  viscous  during  the  ether  solvent  removal 
process  until  finally  the  stirrer  could  not  move.  At  this  tfUge, 
the  stirrer  was  made  to  move  by  occasional,  shaking  of  tlie'tlask 
while  the  temperature  was  increased  to  the  reaction  temperature. 
Pyrolytic  reactions  of  ethyl-  and  isopropylmagnesium  bromide 
and  isopropylmagnesium  chloride  were  carried  oat  in  this  way. 

In  another  procedure,  the  ether  was  removed  under  vacuum  at 
50^-untU  the  stirring  bar  stopped  moving.  Nujol  was  added  and 
the  mixture  was  heated  to  90*  for  a  prolonged  time  (120  hr)  to 
ensure  complete  rcmoval  of  solvated  ether.  The  temperature 
--was  raised  gradually  to  the  point  where  pyrolysis  was  carried1 
out  over  a  period  of  1  hr.  Isobutylmagnesium  iodide  was  py- 
roiyzcd  in  this  way.  A  white  product  instead  of  a  grayone  was 
obtained. 

Extraction  ExperimtnU.— A  2.684-g  sample  of  solid  produced 
by  the  hydrogciiolysis of  CiHiMgCl  in  diethyl  ether  (K:Mg:Cl: 


ether  =  0.84:1.00:1.07:0.36)  was  stirred  in  50  ml  of  dry  TUP 
for  3  min.  The  mixture  was  filtered  quickly  and  0.42  g  of  a 
white  solid  was  obtained.  The  solid  product  and  the  filtrate 
were  analyzed.  The  solid  contained  an  H:Mg:Cl  ratio  of 
1.77:1.00:6.10  and  its  X-ray  powder  pattern  showed  lines  for 
only  MgHj.  The  filtrate  contained  99  and  62%  of  the.  original 
amount  of  Cl  and  Mg,  respectively.  Experiments  using  "IIMg- 
CI,”  "IIMgBr,”  and  "HMgl"  prepared  from  pyrolysis  reac¬ 
tions  gave  similar  results  which  arc  shown  in  Tabie  III. 

Synthesis  and  Stepwise  Desolvation  of  MgCl:,  MgBr,,  and 
Mglt. — MgCIj-0(CjH»)i  was  prepared  from  the  reaction  of.  iso¬ 
propylmagnesium  chloride  and  HCI  in  diethyl  ether.  Dropwise 
addition  of  a  stoichiometric  quantity  of  HCI  to  the  stirred  Grig¬ 
nard  solution  under  nitrogen  purge  resulted  in  precipitation  of  the 
halide  containing  an  Mg:Cl:ethcr  ratio  of  1.00:1.98:1.02. 
Stepwise  dcsolvation  was  accomplished  by  heating  this  material 
undcr  vacuun:  for  different  periods  of  time  and.at  different  tem¬ 
peratures.  Keating  for  1  hr  at  room  .temperature  produccd  a 
material  with  a  Mg  to  ether  ratio  of  1.00:0.77.  This  ratio  was 
found  to  be  1.00:0.5,  1.00:0.28,  1.00:0.09,  and  1.00:0.01  when 
this  material  was  heated  for  l-hr  periods  at  50, 75, 100,  and  125*, 
respectively.  The  ratio  of  magnesium' to  chlorine  was  found  to 
be  1:1.98  in  the  completely  desotvated  material.  Magnesium 
bromide-ether  and  magnesium  iodidc-2-ethcr  wcte  prepared  by 
the  reaction  of  the  appropriate  mercuric  halide  with  triply  sub¬ 
limed  magnesium  metal’  in  ether  solution."  Magnesium  to 
halide  ratios  were  found  to  be '1:1:08  and  1:1.97,  respectively- 
Stepwise  desolvation  was  accomplished  as  above  for  magnesium 
chloride. 

Preparation  of  MgHs.  A.  Reaction  of  LiAUI«  with  Diethyl- 

(id)  E.  C.  Ashby  »ud  R.  C.  Arnolt,  J.  Oruncmtltl,  Chem.  (Anttitrtdaia), 
14,1(1964). 
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Table  III 

Results  of  Extractton  of  "HMgX"  Peoducts 

•Aiulyjinof 

Atomic  ratio  ut  oti(i»l  compound  Antlywn  t(  residue,  atomic  ratio  »oln,  % 
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Mi 
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0.84 
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1.07 

1.77 
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0.10 

82 

09 

Pyrolysis  IIMgCI" 

THF 
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1.60 

1.09 

1.02 

1.00 

0.73 

49 

ao 

Pyrolysis  HMgBr" 

Ether 

0.83 

1.00 

1.07 

1.68 

1.00 

0.13 

43 

78 

Pyrolysis  HMgl 

Ether 

0.73 

1.00 

1.09 

1.43 

1.00 

0.07 

“  X-Ray  powder  pattern  of  residues  of  lliesc  eases  show  lines  only  for  MgH». 


magnesium.17 — Diethylmagncsium  (0.1  mo!)  in  diethyl  ether- 
from  0.1  mol  of  dicthylmcrcury  and  excess -magnesium1*  was 
allowed  to  react  with  0.45  mol  of  X,iAIH«  in  diethyl  ether.  :Pre- 
cipitation  of  Mglii  was  noted  -with  addition  of 'the  first  drops  of 
hydride.  The  mixture  was  stirred  , for  3  days  after  completion 
of  the  addition  and  then  filtered  in  the  drybox.  The  precipitate 
was  washed  three  times  with  diethyl  ether  to  remove  any  excess 
diethylmagncsium  followed  by  vacuum  drying  at  room  tempera¬ 
ture  for  1  hr.  The  magnesium  to  hydrogen  ratio  was  found  to  be 
1.00 :  l  .92 . 

B.  Reduction  of  Diethylmagnesium  with  Hydrogen  at  Ele¬ 
vated  Temperatures. — Diethylmagncsium  (0.1  mo!  in  ISO  ml. of 
ether)  was  charged  into  an  autoclave  and  heated  under  2000  psi 
of  hydrogen  at  75°  for  10  hr.  The  precipitate  which  had  formed 
was  filtered  in  the  drybox  and  washed  three  times  with  diethyl 
ether.  The  magnesium  to  hydrogen  ratio  was  found  to  be  1.00: 

I. 91. 

C.  Pyrolygia  of  Diethylmagnesium.—Diethylmagnrsium 
(0.05  mol)  was  heated  for  2-hr  periods  at;100, 150, 200,  and  220°. 
Infrared  analysis  (N'ujol  mull)  of  these  materials  indicated  only 
partial  pyrolysis  after  heating  at  200°  for  2  iir.  All  of 'the  di¬ 
ethylmagncsium  had  been  pyrolyzed  by  heating  fer  2  hr  at  220®. 
The  yield  was  0.98  g  of  a  yellow-brown  material- violently  explo¬ 
sive  upon  exposure  to  the  atmosphere.  The  magnesium  to 
hydrogen  ratio  was  found  to  be  1 .00 : 1 .94 . 

Results  end  Discussion 

Our  evaluation  of  the  reaction  of  ethyl  Grignard 
compounds  with  diborane  as  a  route  to  HMgX  com¬ 
pounds  was  rej)orted  earlier.5  We  were  not  able  to 
prepare  HMgX  comjwunds  by  this  method  nndercany 
conditions  including  the  exact  conditions  stated  by 
Wiberg  and.  Strcbcl  in  their  earlier  report.  It  was 
clearly  demonstrated  that  the  products  of  this  re¬ 
action  in  tetrahydrofuran  under  a  variety  of  condi¬ 
tions  are  the  halogenomagncsium  borohydride  (XMg- 
BHe)  and  triethylborane  (eq  2). 

The  two  other  methods  reported  for  the  preparation 
of  HMgX  compounds  involve  hydrogenolysis  and  py¬ 
rolysis  of  Grigt.ard  compounds.  ")ymova,  et  al.,* 
claimed  to  have  prepared  HMgCl,  HMgBr,  and  HMgl 
containing  0.1-0.9  inol  of  solvated  ether  by  the  hy¬ 
drogenolysis  of  ethyl  Grignard  compounds  in  diethyl 
ether.  Rice,  et  a!.,9  claimed  to  have  prepared  HMgBr 
by  the  pyrolysis  of  ethyl-  and  f-butyhuagnesium  bro- 
midesat  190and2tX)°,  respectively.  Since  the ‘‘HMgX” 
compounds  were  stated  by  the  Russian  workers  to 
disproportionate  in  tetrahydrofuran,4  it  was  clear 
that  this  solvent  was  to  be  avoided-  especially  in  the 
hydrogenolysis  experiments  in  which  the  Grignard 
comjiounds  are  allowed  to  react  with  hydrogen  in 
solution:  It  also  appeared  clear  that  the  Russian 
work*  had  to  be  repeated  since  the  hydrogenolysis 

<I7)  G.  B»:l»ra»,  C.  RilLmJ,  A.  FinboK,  T.  Wnuik,  K.  ViUUtb,  tad 

II.  SelteUusw.  J.  Aw.  CAcw.  Soc.,  TS,  45S5  (IWl). 


experiments  were  performed  in  diethyl  ether  whereas 
earlier  Rice  reported  that  “HMgX”  compounds  dis¬ 
proportionate  in  diethyl  ether.*  Furthermore  the  py¬ 
rolysis  studies  of  Rice*  had  to  be  repeated  since  the 
Russian,  workers  claimed  that  “HMgX"  compounds 
disproportionate  on  heating  to  125°*  and  Rice  reported 
the  preparation  of  “HMgX”  compounds  by  pyrolysis 
of  Grignard  compounds  at  200°.*  As  a  starting  ma¬ 
terial  for  hydrogenolysis  and  pyrolysis  reactions,  ethyl-, 
isopropyl-,  and  isobutylmagnesium  halides  were  chosen. 
Isopropyl-compounds  were  chosen  because  earlier  we 
had  shown  that  isopropylinagnesium  chloride  reacts 
with  hydrogen  at  a  faster  rate  than  any  other  Grignard 
compounds  investigated  at  the  time.7  Thus  lower 
reaction  temperatures  could  be  used  to  effect  hydros 
genolysis  of  the  isopropyl  Grignard  reagent  which  pre¬ 
sumably  would  lead  to  a  purer  product.  Isobutyl 
compounds  were  investigated  since  triisobutylaluminum 
is  known  to  undergo  hydrogenolysis  and  pyrolysis 
readily  compared  to  other  aluminum  alkyls.  The 
ethyl  Grignard'  compounds  were  investigated  because 
previous  workers  used  these  compounds  for -both  hy¬ 
drogenolysis  and  pyrolysis  studies  and  it  was  considered: 
necessary  to  repeat  this  work. 

Previous  workers  employed  elemental  analysis  but 
particularly  powder  diffraction  and  dta-tga  analysis 
of  reaction  products  in  order  to  determine  whether 
the  product  was  a  single  compound,  HMgX,  or  a 
mixture  of  MgHj  and  MgXj.  Powder  diffraction, 
and  dta-tga  analytical  evaluation  of  the  product  are 
crucial  since  the  reported  “HMgX"  compounds  are 
insoluble  in  diethyl  ether  and  are  said  to  dispropor¬ 
tionate  in  tetrahydrofuran.  It  was  by  evaluation  of 
both  X-ray  powder  diffraction  and  dt3-tga  data  that 
both  Russian  and  American  workers  decided  that'  the 
products  of  hydrogcnolysjs  and  pyrolysis  of  Grignard 
compounds  produced.  “HMgX"  compounds  and  not 
mixtures  of  MgH*  and  MgXj. 

Pyrolysis  of  Grignard  reagents  yielded  materials 
which  contain  hydridic  Siydrogett*  magnesium,  halide, 
and  ether  in  the  approximate  ratio  1:1: L:**,  where 
n  «  1.  As  can  be  seen  from  Table  II  jJic  hydrogen 
content  of  the  product  was  usually  low  presumably 
due  to  decomposition  of  the  product  during  heating. 
The  pyrolytic  reactions  were  not  markedly  temperature 
or  time  dependent;  however,  as  expected,  pyrolysis 
was  effected  under  much  milder  conditions  and  with 
shorter  reaction  times  when  the  alkyl  group  was  iso¬ 
propyl  or  isobutyl.  The  nature  of  the  pyrolytic  prod¬ 
uct  was  independent  of  the  alkyl  group  as  demonstrated 
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by  the  fact  that  the  powder  diffraction  patterns  ob¬ 
tained  from  the  products  of  pyrolysis  of  ethylmsg- 
nesium  bromide  andisopropylmagnesiutn  bromide  were 
identical.  Analogous  results  were  obtained  for  the 
chioro  and  iodo  Grignard  compounds.  Furthermore, 
the  X-ray  powder  diffraction  pattern  obtained  front 
the  pyrolysis  product  of  the  bromo  Grignard  com¬ 
pounds  contains  almost  all  of  the  lines  reported  earlier 
(Tables  IV  and  V)Jor  the  pyrolysis  of  ethylmagnesium 
bromide,*  indicating  identical  products. 

In  order  to  determine  whether  the  "HMgX"  prod- 
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acts  exist  as  an  authentic  single  compound  or  as  equi¬ 
molar  mixtures  of  hydride  and  halide,  the  X-ray  pow¬ 
der  diffraction  patterns  of  these  products  were  compared 
with  the  powder  diffraction  patterns  for  magnesium 
hydride  and  MgXj  (X  =  Cl,  Br,  and  I).  Powder 
diffraction  data  for  MgH.  synthesized  by  different 
routes  (see  Experimental  Section)  was  compiled  since 
the  reactivity  of  each  MgH*  is  sensitive  to  the  syn¬ 
thetic  route  and  it  was  feltthat  differences  in  reactivity 
might  be  due  to  differences  in  structure,  although  a 
contrary  explanation  to  this  phenomenon  has  appeared.1* 
Powder  diffraction  patterns  for  MgH»  produced  from 
the  various  differentrsynthctic  routes  were  found  to  be 
identical  with  the  exception  that  in  the  case  of  the  re¬ 
duction  of  a  dialkylmagnesium  compound  with  LiAlH* 
or  with  hydrogen  at  elevated  temperature  the  lines  were 
broader  and  more  diffuse  than  for  MgH*  prxxb'-ed  in  the 
other  reactions.  A  representative  MgHj  spectrum  is  re¬ 
corded  in  Table  V.  X-Ray  powder  diffraction  data  were 
compiled  for  solvated  MgX*,  MgX?  of  intermediate  sol¬ 
vation;  and  desolvated  MgXy,  since  the  diffraction  pat¬ 
terns  are  expected  to  be  sensitive  to  changes  in  co¬ 
ordination  about  magnesium.  It  was  initially  thought 
most  meaningful  to  compare  the  diffraction  data  for 
the  pyrolytic  “HMgX”  products  which  contain  rel¬ 
atively  small  amounts  of  coordinated  ether  with  the 
diffraction  patterns  of  the  magnesium  halides  which 
contain  little  or  no  coordinated,  ether.  Powder  dif¬ 
fraction  patterns  for  the  magnesium  halides  were 
markedly  sensitive  to  the  degree,  of  coordination  and 
are  summarized  in  Table  VI. 

From  comparison  of  the  data  listed  in  Tables  IV 
and  VI  it  can.be  concluded  that  ail  of  the  lines  present 
in  the  spectra  of  the  desolvated  magnesium  halides 
arc-present  in  the  spectra  of  the  corresponding  pyrolytic 
“KMgX”  product.  The  spectrum  of  “HMgl”  contains 

(18)  K.  M.  Mftckay,  "Hydro *en  Compounds  of  the  Blestcm.*/*  WjJmcr 
Hhrf.  MU.,  Htfkeafcrari,  C  bo  hi  re,  KpchmU,  1966,  p  II.  - 


Vo!.  9,  No.  2,  February  1970 

only  the  lines  present  in  desolvated  Mglj  while  the 
spectra  of  “HMgGl"  and  “HMgBr”  contain  lines  pres¬ 
ent  in  desolvated  MgClj  and  MgBrj,  respectively, 
and  additional  relatively  weak  lines  which  correspond 
exactly  to  the  strongest  lines  present  in  a  pure  sample 
of  MgHj.  These  are  the  results  expected, forian  equi¬ 
molar  mixture  of  MgHj  and  MgXj  since  equimolar 
mixtures  of  hydride  and  halide  contain  a  relatively 
low  weight  percentage  of  hydride  owing  to  the  -rel¬ 
atively  low.  molecular  weight  of  this  component.  Fur¬ 
thermore,  the  weight  percentage  of  MgHj  present  in 
equimolar  mixtures  of  hydride  and  haiide  is  expected 
to  decrease  in  the  series  where  halide  =  Cl,  Br,  and  I, 
and  lines  due  to  HgHj  might  be  impossible  to  detect 
in  an  equimolar  mixture  of  MgH-  and  Mglj.  This 
was  confirmed  from  analysis  of  the  powder  diffraction 
spectrum  of  an  authentic  1 : 1  molar  mixture  of  MgHt 
and  Mglj,  while  weak  lines  due  to  MgHt  could  be 
detected  in  authentic  1 : 1  molar  mixtures  of  MgH* 
and  M>Xi  (X  =  Cl  and  Br).  The  X-ray  powder 
patterns  for  the  authentic  1 : 1  molar  mixtures  of  MgHj 
and  MgXj  (X  =  Cl,  Br,  and  I)  were  identical  with 
the  corresponding ;pyrolytic  HMgX  product,  and  thus 
it  must  be  concluded  that  these  materials  exist  as 
equimolar  mixtures. 

Essentially  all  of  the  MgClj  was  extracted  into  solu¬ 
tion  when  pyrolytic  “HMgCl”  was  stirred  with  excess, 
dry  THF  for  3  min  (Table  III),  while  MgBrj  and 
Mglj  were  readily  extracted  when  pyrolytic  ‘HMgBr" 
and  "HMgl,”  respectively,  were  stirred  with  excess, 
dry  diethyl  ether  for  a  period  of  3  min.  X-Ray  powder 
patterns  of  the  undissolved  solids  were  identical,  with 
that  rf  MgHj. 

We  were  not  able  to  isolate  HMgX  compounds 
(where  X  =  Br  and  I)  by  hydrogenolysis  of  Grignard 
compounds  in  diethyl  ether.  Twelve  hydrogenolysis 
experiments  were  carried  out  in  which  several  Grignard 
compounds  were  allowed  <o  react  under  a  variety 
of  conditions  (varying  the  temperature,  pressure,  ar.d 
concentration),  including  those  specified  by  the  Russian 
workers.*  Under  all  conditions,  when  the  Grignard 
compound  was  a  bromide  or  iodide,  a  white  solid 
was  formed  which  was  shown  by  both  elemental  and 
X-ray  pdwder  analysis  to  be  predominantly  MgH-. 
The  filtrate  contained  almost  all  of  the  initial  halide 
(Table  J).  Hydrogenolysis  of  both  ethyl-  and  iso- 
propylmagnesium  chlorides  in  ether  produced  a  white, 
insoluble  product  which  contained  hydrogen,  magne¬ 
sium,  chlorine,  and  ether  in  the  approximate  ratio 
of  (where  n  <  1).  This  result  is  to  be  ex¬ 

pected  since  MgGI*  is  insoluble  in  diethyl  ether.  Thus 
the  solid  product  could  be  HMgX  or  a  mixture  'of 
MgH-  and  MgXj.  The  results  in  Table  I  show  that 
the  hydrogen  content  of  the  product  was  always 
slightly  low  and  the  chlorine  content  slightly  high. 
The  X-ray  powder  pattern  of  the  product  from  ethyl-. 
and  isopropylmagncsium  chlorides  showed  similar  lines, 
indicating  that  the  same  product  is  formed  from  hy¬ 
drogenolysis  of  these  Grignard  compounds.  Yrcry 
few  of  these  lines  were  in  common  with  the  X-ray 
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powder  patterns  of  MgCl;-0(CjHj)j  and  desolvated 
MgClj  indicating  either  an  authentic  HMgCl  com¬ 
pound  or  an,  intermediate  degree  of  coordination  on 
MgClj  (Tables  IV  and  VI).  Several  Fries  are  pres¬ 
ent,  however,  which  can  be  assigned  to  MgHj  (Table 
V).  Two  experiments:  were  conducted  in  order  to 
decide  between  these  possibilities.  A  sample  of  the 
hydrogenolysis  “HMgCl”  was  heated  under  vacuum 
at  120°  for  a  period  of  2  hr  to  remove  coordinated 
ether.  None  of  the  characteristic  ether  bands  was 
present  in  the  infrared  spectrum  of  this  heated  material 
and  the  X-ray  powder  pattern  (Table  IV)  showed 
strong  lines  identical  with  thoSe  in  desolvated  MgClj 
and  weak  dines  identical  with  the  lines  in  X-ray  powder 
spectra  of  pure  MgHj,  indicating,  an  equimolar  mix¬ 
ture  of  MgHj  and  MgClj.  Desolvation  of  HMgCl 
at  120°,  however,  could  have  been  accompanied  by 
an  intramolecular  disproportionation  to  MgHj  aiid 
MgClj  suggested  earlier  by  Dymova,  et  al.*  We  there¬ 
fore  compared  the  Xrray  powder  patterns  of  hydro- 
genolysis  “HMgCl  -,(0(CjHj)j),”  (where  »  =  C.9-B.3) 
with  powder  diffraction  data  for  MgClj- (0(CjHj)j),, 
(where  n  =  0  9-U.3).  We  found  that: spectra  obtained 
for  MgClj  of  intermediatesolvation  were  very  similar 
to  sj>ectra  of  hydrogenolysis  “HMgCl"  (compare,  for 
example,  the  spectra  of  hydrogenolysis  “HMgCl"  and 
of  MgClj  containing  27  mol  %  0(CjH*)-,  Tables  IV 
and  VI)  with  the  exception  that  lines  attributable 
to  MgH-,  present  in  the  latter  spectrum,  are  not  pres¬ 
ent  in  the  former  spectra.  We,  therefore,  conclude 
that  the  hydrogenolysis  “HMgCl"  consists  of  an  equi¬ 
molar  mixture  of  MgHj  and:  MgClj.  Essentially  all 
of  the  chloride  goes  into  solution  when  this  material 
is  stirred  with  excess,  dry  THF  for  3  min.  During 
this  period  the  composition  of  the  solid  changed 
markedly.  X-Ray  and  elemental  analyses  indicated 
that  the  insoluble  residue  is  MgHj  (Table  III). 

It  was  of  some  concern  that  the  nature  of  the  product 
formed  in  the  hydrogenolysis  or  pyrolysis  of  Grignard 
compounds  would  depend  to-  a  large  extent  on  the 
composition  of  the  Grignard  eomjiound  in  solution 
(Table  VJI)  (hydrogenolysis)  or  the  solkl-stute  slrnc- 


Inorganic  Chemistry 


324  E.  C.  Asmiv,  R.  A.Kovar,  and  K.  Kawaka&u 


ture  (pyrolysis).  For  example  RMgX  species  would  , 
be  expected  to  fonu-IIMgX,  and  RjMg  -MgX*  species* 
would  be  expected  to  fonn  a  mixture  of  MgHi  and 
MgXi 

2RMgX  — >  HMgX 
R.Mg  +  MgXi  — ►  Mglfj  +  MgXj 


Thercforc-it  seemed  worthwhile  to  pyrolyze  a  Grignard 
compound  that  was  known  to  possess  the  RMgX  solid- 
state  structure.  Ip  this  connection  the  bis(diethyl 
ether)  adduct  of  etbysmagnesium  bromide  was  isolated 
prior  to  pyrolysis  since  earlier'*  it  had  been  demon¬ 
strated  that  this  species  exists  as  an  RMgX  compound 
\yith  each  magnesium  atom  bonded  to  one  bromine 
and  one  alkyl  group.  It  had  also  been  suggested 
that  simple  removal  of  solvent  from  a  Grignard  com¬ 
pound,  as  in  vacuum  distillation,  results  in  precipitation 
of  a  material  containing  unsymmetrically  bridged  alkyl 
and  halogen  groups  which  shoukf  result  oh  pyrolysis 
in  the  formation  of  a  mixture  of  MgHj  and  MgXi. 
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A  material  containing  hydrogen,  magnesium,  andbro- 
mine  in  the  ratio  0.88:1.00:1.06  (Table  I!)  was  ob¬ 
tained  When  the  bis(dieihyl  ether)  adduct  of  ethyl- 
magnesium  bromide  was  heated  at  200?  for  2  hr.  The 
X-ray  powder  pattern  of  this  material  was  identical 
with  the  patterns  obtained  from  pyrolysis  of  other 
bromo  Grignard  compounds  indicating  that  a  mixture 
of  MgH*  and  MgBrt  was  again  obtained. 

(IS)  J.  Cao«abcr(cr  ud  R.  E.  Rundlc,  /.  Am.  Cktm.  Soe^.tt,  5344 
(1944). 


The  1 : 1  etherate  adduct  of  f-butyhnagnesium  chi  ' 
ride,  which  is  dimeric  in  benzene,  was  hydrogenated* 
since  earlier14  it  had  been  suggested  that  this  compound 
exists  in  benzene  solution  as  the  symmetrically  bridged 


Hydrogenolysis  of  this  Grignard  compound  resulted 
in  precipitation  of  a. gray,  white-solid  containing  very 
little  ether  (essentially  alT  of  the  diethyl  ether  is  pres¬ 
ent  in  the  benzene)  and  hydrogen,  magnesium,  and 
chloride  in  a  ratio  of  O.yl :  LOG :  1.02.  The  X-ray  |x>w- 
der  pattern  of  this  material  (Table  */)  is  identical 
with  the  pattern  obtained  for  an  ai*thentic  1:1  molar 
mixture  of  MgHi  and  MgCl*  and,  therefore,  this  ma¬ 
terial, «<tso  exists  as  a  mixture. 

Iu~ conclusion,  we  were-  not  able  to  prepare  HMgX 
compounds  (X  =  Gl,  Br,  or  I)  from  either  pyrolysis 
or  hydrogenolysis  of  Grignard  reagents  under  a  variety 
of  reaction  conditions.  In  contrast  to  earlier  reports 
by  Russian,  German,  and  American  workers,  the  prod¬ 
ucts  of  these  reactions  were  shown,  by  careful  compari¬ 
son  of  appropriate  X-ray  powder  diffraction  data,  to 
consist  of  mixtures  of  MgHi  and  the  corresponding 
MgXj.  Reduction  of  an  RMgX  compound  to  HMgX 
by  the  reactions  described  in  this  study  must  necessarily 
follow  inuncdiately  with  formation  of  mixtures  of  hy¬ 
dride  and  halide. 
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Concerning  tfr<?.  Preparation  of  Magnesium  Aluminum  Hydride. 

A  Study  of  the  Reactions  of  Lithium  and  Sodium  Aluminum 
Hydrides  with  Magnesium  Halides  in  Ether  Solvents 

Bv  E.  C.  ASHBY,*  R.  D.  SCHWARTZ,  and  B.  D.  JAMES 
licccivtd  Septcmbtr  4, 1969 

The  reactions  of  alkali  metal  aluminum  hydridcs-with-magncsium  halides  in  ether  solvents  were  investigated  as  possible 
routes  to  magnesium  aluminum  hydride  (Mg(Allf4)j).  The  ability  of  these  reactions  to  produce  MgfAlK,),  depended  on  the 
nature  of  the  alkali  metal,  the  halide,  the  solvent,  and  the  solubility  of  the  alkali  inetal  halide- by-product.  Contrary  to 
previous  reports  Mg(A(ll,)t  Could  not  be  prepared  by  the  reaction  of  LiAlHi  and  magnesium  bromide  in  diethyl  ether. 
This  reaction  regardless  of  the  nature  of  the  halogen  or  solvent  was  found 'to  produce  an  equilibrium  mixture  (LiAlHi  + 
MgBri  rs  LiBr  +  BrMgAlHi)  which  varied  in  itscom|x>sitiqn  depending  on  the  amount  of  I.iAlIf,  used  but  which  did  not  con* 
tain  any  detectable  amount  of  Mg(AlH«)j.  Magnesium  aluminum  hydride  was  prepared  in  a  pure  form  *3  the  ether  solvate  by 
the  reactions  of  NaAIH<  and.MgCls  in  tetrahydrofuran  and  NaAlH,  and  MgBri  in  diethyl  ether.  Magnesium  aluminum  hy¬ 
dride  is  insoluble  in  both  diethyl  -ether  and  tetrahydrofuran;  thus  it  was  separated  from  the  NaCl  andNaBr  by- products 
by  Soxhlet  extraction.  Because  of  the  solubility  of  Nab  in  tetrahydrofuran,  Mg(AlHi),  as  the  tetrakis(tetrmhydrofuran) 
solvate  was  prepared  halogen  free  by  the  reaction  of  sodium  aluminum  hydride  and  magnesium. iodide.  Haiogenomzg- 
nesium  aluminum  hydrides  (XMgAIH,,  where  X  =  Cl  and  Brj  were  prepared  in  tetrahydrofuran  by  the  reaction  of  sodium 
aluminum  hydride  and  the  magnesium  halide  in  1:1  stoichiometry.  Infrared- spectra  and  powder  diffraction  data  are 
presented  for  all  of  the  compounds  prepared. 


Introduction 

The  preparation  of  magnesium  aluminum  hydride 
(Mg(AlHi)j)  w«ts  first  reported  in  1950  by  Wiberg  and 
Bauer.1-4  The  pre)>aratk>n  of  this  new  hydride  was 
reported  by  three  different  synthetic  routes  represented 
by  eq  1— 3i  Magnesium  hydride  (MgHj)  was  reported 
4MgH,  +  2A1C1]  — ►  Mg(AlH,V+  3MgCl,  (I) 

MgH,  +  2AIH,— ►  MgfAlH,),  (2) 

2L1AIH,  -l-  MgBri  — ►  Mg(AlH«)i  +  2LiBr  (3) 

to  react  with  both  aluminum  hydride  (AlHj)  and -alu¬ 
minum  chloride  (AlClj)1-4  in  diethyl  ether  to  produce 
Mg  '  whereas  the  third  method  involved  the  reac¬ 
tion  »i  iAIHi  with  MgBri  in  diethyl  ether.1,1  Thc  Mg- 
(All'i)]  produeed  was  reported  to  be  soluble  in  diethyl 
ether  and  to  decompose  at  140°;  however  few  experi- 
menta1 2 3 4 * *  details  concerning  the  preparations  were  given. 

Hertwig*  reported  the  preparation  of  Mg(AlH,)t  by 
hydrogenolysis  of  a  Grignard  reagent  indiethyl  ether 
followed  by  the  addition  of  aluminum  chloride  to  the  re¬ 
action  product.  Reactions  4-6  were  suggested  to  de¬ 
scribe  the  course  of  the  reaction.  However  again  few 
•IRMgX  +  AlXj  +  4H» — ► 

XMgAlH,  +  3MgX, +  4RH  (4) 
3RMgX  +  AIXi  +  3Hj  — ►  A1H,  +  3MgX-  +  3UH  "V 
2XMgAIH,  ►  Mg(AlH,),  +  MgX,  (0) 

cx|>erinicntal  details  were  given.  Hcrtwig’s*  rejxjrt 
seemed  reasonable  since  earlier  we  had  shown*  that  hy- 
drogcnolysis  of  Grignard  reagents  produces  a  mixture  of 

(1) T»  mWjm  all  Icqairiti  ik»U  b  •  ml  at  tbs  tlrpartaamt  of  CktauUry, 
G«»fU  laMltnKof  Ticbaolocjr,  Atlanta,  Go.  30332. 

(2)  R.  Wtbcvg  and  K.  Baocr.  Z.  Nlnrfontk..  M,  397  (I9J0). 

(3)  tv.  Vlbvrg.  A  nine.  On,  H,  1C  (1933). 

(4)  E.  WibtfX  a  ad  R,  Bauw,  Z.  Sninefantk.,  Tb,  13!  (1952). 

(3)  A.  Hcrtwix,  Gcrawa  Patent  921,966  (19. V0 

(*)  W.  R.  Becker  and  K.  C.  Aahby,  ].  (hi.  Ohm..  99, 931  (lOdf). 


MgH,  and  magnesium  halide.  Therefore,  the  MgH, 
produced  by  hydrogenolysis  of  the  Grignard  compound 
in  the  reaction  reported  by  Hertwig  could  have  reacted 
with  AlGlj  to  form  MgfAIH,),  in  a  similar  way  to  that 
previously  reported  by  Wibcrg.  The  suggested  XMg- 
AIH<  could  then  have  arisen  from  the  redistribution  of 
Mg(AlHi)i  and  MgCIi. 

Some  time  ago  we  had  the  occasion  to  prepare  Mg- 
(A1H«),  by  the  reaction  of  NaAlH,  and  MgCIi  in  di¬ 
methyl  ether7  and  noticed  that  the  physical  properties 
of  this  compound  were  different  from  the  properties  re¬ 
ported  by  Wiberg  for  Mg(AlH,),.  -The  Mg(AlH<), 
prepared  by  us  was  insoluble  in  diethyl  ether  and  de¬ 
composed  at  1S9°. 

Jn  I960  Czech  workers*  verified  llic  prcjKiration  of 
Mg(AIK0,  by  the  reaction  of  NaAlH t  and  MgCi*.  Al¬ 
though  elemental  analysis  data  were  presen  ted,  ho  iil- 
fraredor  Xrray  powder  diffraction  data  were  given. 

It  would  appear  that  there  is  some  confusion  in  lltc 
^literature  concerning  the  prqwiration  and  properties  of 
Mg(AlHi)..  Since  the  reaction  of  a  complex  metal  hy¬ 
dride  with  MgX-  in  ether  solvent  to  produce  Mg- 
(A5Hi)j  is  such  a  fundamental  reaction,  wc  decided  to 
study  thiareaction  in  detail. 

Experimental  Section 

All  qperalkms  wcrc.eaiTicd.ouL  either  in  a  nitrogen-filled  glove 
box  equipped  with, a  recirculating  system  to  remove  oxygen  am! 
water*  or  on  the  bench  using  typical  Schienk-tubc  .techniques. 
All  glassware  was  flash  flamed  and  flushed  with  nitrogen  prior  to 
use. 

bctrementafi.ja.— Infrared  spectra  were  obtained  using  a 
Perkm-ElnterM  hie! 621  high-resolution  infrared  spectropholom- 

(7)  Ktbyl  Carp.,  JrilUb  Palm!  9W.91W  (1962). 

(*)  J.  Plods  irntT?.  Hcimuk,  Cdk'rlkm  Cuck.  Cktm.  Comm**,,  $1, 3060 
(1966). 

(9)  T.  L.  Brown,  l>.  W.  Dickrrbuof,  1),  A-  Hib),  and  O.  L 
to T.  Sti.  Into..  32,-19!  (1997). 


.')2(i  15,  C,  Asiiijv,  K.  I),  Sciiwaktz,  and  H.  I).  Jamhs 
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etcr.  Sodium  chloride  cells  were  used.  Spectra  of  solids  were 
obtained  in  Nujol  which  had  been  dried  over  sodium  wire  and 
stored  in  a  dry  box.  No  chanae  was  observed  in  the  spectra  of 
either  solutions  or  mulls  after  standing  in  the  cell  for  some  time. 
It  Is  therefore  concluded  that  no  interaction  of  the  products 
studied  with  the  cell  windows  takes  place. 

X-Ray  powder  diffraction  patterns  were  run  using  a  Debyc- 
Seherrer  camera  of  114.0-mm  diameter  using  Cu  Kar  (1.640  A) 
radiation  with  a  nickel  filter.  Single-walled  capillaries  of  0.6-mtn 
diameter  were  used.  These  were  filled  in  the  drybox  and  sealed 
with  a  microburner. 

Reagents. — Tetrahydrofuran  and  benzene  (Fisher  Certified 
reagent)  were  distilled  over  sodium  aluminum  hydride  im¬ 
mediately  before  use.  Diethyl  ether  (Fisher  Certified  reagent) 
was  distilled  over  lithium  aluminum  hydride  Immediately  prior 
to  use. 

Mercuric  halides  (Baker  Analyzed)  were  dried  under  vacuum 
and  used  without  further  purification.  Triply  sublimed  mag¬ 
nesium  was  obtained  from  Dow  Chemical  Co.  It  was  washed 
with  diethyl  ether  and  dried  under  vacuum  prior  to  use. 

Lithium  and  sodium  aluminum  hydrides  were  obtained  from 
Veiitron  Metal  Hydrides  Division.  Diethyl  ether  and  tetra¬ 
hydrofuran  solutions  of  these  complex  metal  hydrides  were 
prepared  by  adding  dry,  freshly  distilled  solvent  to  an  appro¬ 
priate  amount  of  the  solid  complex  metal  hydride.  The  resulting 
solution  was  then  filtered  through  a  coarse  glass  fritted  filter 
funnel  to  which  had  been  added  dried  Cclitc  filter  aid.  The 
resulting  eleur  solutions  were  standardized  by  EDTA  titration 
of  aluminum. 

Preparation  of  Magnesium  Halides  in  Diethyl  Ether  and 
Tetrahydrofuran.10  " — In  a  typical  preparation  of  magnesium 
halides  in  ether  solvents,  2  g  of  magnesium  was  added  to  20  g 
of  the  appropriate  mercuric  halide  in  a  500-ml  round-bottom 
fiask  witlt  a  magnetic  stirring  bar.  Two  hundred  and  fifty  milli¬ 
liters  of  diethyl  ether  was  then  distilled  into  the  flask  containing 
the  mixture.  The  solution  was  stirred  overnight  and  filtered. 
The  solutions  were  then  standardized  by  magnesium  analysis 


(10)  H,  K.  Lewis,  Diiirrlalton  Abilr,,  It,  2844  (1000), 

(11)  K.  C.  Ashby  sn<!  14.  C.  Artmtl,  J,  Ortanomtlal.  Orris.  (Amsterdam), 
14,  I  (lUOW. 


(EDTA)  and  halogcu  analysis  (Volhard  method).  The  magne¬ 
sium  to  halogen  ratio  was  1.0:2.00  ±  0.06  in  all  cases.  A  qualita¬ 
tive  test  for  residual  mercury  in  the  solutions  was  negative  using 
ferrocyanidc  and  2,2'-dipyridyl.  The  solutions  were  also  tested 
for  solvent  impurities  by  hydrolyzing  a  sample  of  the  solution 
with  distilled  water  in  benzene.  The  organic  matter  was  then 
salted  out  of  the  water  layer  into  the  benzene.  The  benzene 
layer  was  then  subjected  to  analysis  by  glpc.  Only  diethyl 
ether  was  found  to  be  present  in  the  original  solution  of  MgX>. 

A  different  method  for  the  preparation  of  magnesium  chloride 
in  diethyl  ether  had  to  be  used.  This  was  neccssary'sincc  MgCIi 
is  insoluble  In  diethyl  ether  and  it  would  have  been  difficult  to 
separate  the  MgCh  from  the  Hg  by-product  in  the  previous 
method.  Anhydrous  hydrogen  chloride  in  diethyl  ether  was 
added  to  a  diethyl  ether  solution  of  ethylmagnesium  chloride  at 
room  temperature  in  1:1  molar  ratio.  The  precipitate  which 
was  formed  was  washed  v/ith  diethyl  ether  and  dried  under 
vacuum.  Anal.  Calcd  for  MgCIi -(CfHthO:  Mg,  14.36;  Cl, 
41.89.  Found;  Mg,  14.30;  0,41.29. 

Analytical  Procedures. — Halogen  analysis  was  carried  out  by 
the  Volhard  method.  Aluminum  analysis  was  carried  out  by 
titration  with  EDTA.  Magnesium  analysis  was  carried  out  by 
titration  with  EDTA.  Magnesium  analysis  in  the  presence  of 
aluminum  was  carried  out  by  masking  the  aluminum  with 
triethanolamine.  Lithium  analysis  was  carried  out  by  flame 
photometry.  Hydridic  hydrogen  analysis  was  carried  out  by 
hydrolyzing  a  weighed  sample  of  the  compound  and  measuring 
the  volume  of  gas  evolved  after  passing  it  through  a  Dry  lee- 
acetone  trap  to  remove  ether.  The  amount  of  ether  solvated  to 
a  compound  was  assumed  by  difference. 

General  Procedures  for  Infrared  Studlee. — A  measured  amount 
of  magnesium  halide  in  solution  was  added  to  a  three- neck, 
500-ml,  round-bottom  flask  equipped  with  a  three-way  stop¬ 
cock,  an  addition  funnel,  and  a  Dry  lee  condense'.  The  solution 
of  alkali  metal  aluminum  hydride  was  added  in  a  stepwise 
fashion  in  order  to  establish  MAIH(:MgXj  mole  ratios  of  0.6: 
1.0,  1.0:1 .0,  1.5:1.0,  2.0: 1.0,  and  3.0:1.0.  After  each  addition 
the  solution  was  stirred  for  15  min  and  any  precipitate  formed  was 
allowed  to  settle,  A  sample  of  the  supernatant  liquid  was  taken 
with  a  syringe  through  the  three-way  stopcock  (under  strong 
nitrogen  flush)  and  the  infrared  cell  filled  in  the  drybox.  All 
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Inkkakku  Data  (Solution  Swsctka,  cm~‘) 

Mg(AIH«)--4THIf  HrMg  AlHi  •  4TH  If  LiAIH,(C,Hi>.0 
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800  w  795  m  755  in 

750 111  760  111 
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760 111 
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reactions  were  curried  out  such  that  the  resulting  concentration  of 
the  reaction  mixture  was  between  0.1  and  0.2,  M. 

General  Procedure  for  the  Isolation  of  Intermediate*.— The 
alkali  metal  aluminum  hydride  was  added' to -the  magnesium 
halide  in  a  ratio  of  1.0: 1.0.  Any  solid  formed  at  this  ratio  was 
filtered  and  analyzer!,  and  its  infrared  spectrum  and  X-ray 
|H>wder  pattern  were  obtained.  The  resulting  solutions  were 
then  fractionally  crystallized,  the  separate  fractions  were 
analyzed;  and  their  infrared'spectra  and  X-ray  powder  patterns 
were  obtained. 

A.  Reactions  of  N1AIH1  and  MgXi  ia  Tetrahydrofuran.  (1) 
Reaction  of  Sodium  . Aluminum  Hydride  and  Magnesium.  Chlo¬ 
ride  in  Tetrahydrofuran. — When  XaAUI,  was  added  to  MgCI: 
in  TUP  in  a  mole  ratio  of  0.5: 1.0,  si- precipitate  was  formerl. 
The  infrared  spectrum  of  the  solution  at  this  point  showed  bands 
at  1715,  795,  and  700-cni”1.  At  a  XaAULiMgClj  ratio  of 
1. 0:1.0  the  bauds  at  1715  ami  795  cm-1  increased  in  intensity  and 
more  precipitate  was  formed.  Elemental  analysis  and  an  X-riy 
powder  pattern  oftthis  solid  showed  it  to  be  XaCi.  At-a  Xs- 
AIH,:MgCl-  ratio  of  1.5:1.0  the  intensity  of  the  infrared  bands 
noted  above  decreased  and  more  precipitate  was  formed.  At 
a  2.0: 1.0  ratio,  rio  infrared  bands  appeared  in  the  Al-11  stretching 
and  deformation  regions  and  more  precipitate  was  formed.  At 
.a  3.0: 1.0  ratio  bjuds  api>eared  at  1080  and  772  ern-1  char¬ 
acteristic  of  XaAIIlc  in  tetrahydrofuran.  Xo  more  precipitate 
was  formed.  The  Solid  was. filtered  and  gave  an. X-ray  powder 
pattern  consisting ^of  lines  for  XaCi  and  some  other  substance. 
Tills  solid1  was  then  subjected  to  Soxhlcl  extraction  with  tetra- 
liydrofuran.  A  white  solid.-was  obtained  from  this  extraction 
which  gave  lines  in  the  powder  pau^n't-wlijch  were  tlic  same  as 
the  lines  in  the  previous  pattern  with  the  XaCS  Sines  c«ib!r»ctoi 
(see  Table  I).  The  infrared  spectrum  oft  this  so’id.niwcirT'b- 
sorptkm  bamb  at  1725,  1025,  920,  875,  785,  and  740 
A  77%  yield  r.f  Mg(Allii)i-4TI!F  was- obtained.  Altai.  Caicd 
forMgl'Al Hi): ■  4THF:  Mg,  6.49;  Al,  14.41;  II.  2.13.  Fourd: 
Mg,  7.06;  Al,  14.90;  H;  2.24. 

In  a.separatc  experiment,  XaAIK,  was  added  to  MgCI,  in 
tetrahydrofuran  in  amolc  ratio  of  1.0: 1.0.  A  precipitate  formed 
which  wavftcrcd.  The  resulting  filtrate  was  tiK-n  -ubjccieil  to 
crystallization  by  solvent  removal.  The  infrared  sf*  'rum  cf  this 
solid  in  Xujol  gave  bands  al  17%),  1070,  1030, 92C.  80,  and  745 
cm’1.  For  tKc  major  lines  in  the  X-ray  powei,  patte.  see 
Tabic  I.  AmI.  Caicd  for  ClMgAlif.MTHF:  Cl,  9-36;  Mg. 
6.41:  Al,  7.12;  H,  1.05.  Fouml:  Ci,  9.58;  Mg.  6.77;  At. 
7.22:  11,1.13. 

(2)  Sodium  Aluminum  Hydride  and  Mttaniua  Bromide  k 
Tefrakydrofwra*.— ’ The  cevrseoi  tlic  rtxiwa  of  NV  '.!!<  vsd 
MgBr;  in  tetraliydrofuran  was  followed  by  infrared  analysts. 
The  results  were  similar  to  those  reported  for  the  previous  system . 

In  a  separate  experiment,  the  solution  containing  the  react  km 
product  ‘A  XaAHIi  and  MgBr-  m  a  mole-ratio  of  I.'lrl.O  was 
treated  is  the  some  nsyas  the  C'WgAilf,  sotutioc.  The  infrared 
spectrum  of  the  solid  in  Xvjoi  gave  absorption  band,  st  1715, 
ZO'A),  HKJO,  915,  875,  795,  aed'743  cm"1.  The  X-ray  powder 
pattern  issho  in  Table  I.  .ln3/.  /'alcd  for  ErMgAJll,-4TliF: 
Hr,  '<838;  Mg.  5.71:  Al,  637;  H,  il^l.  Fcuml:  Bt.  -J.49; 
Mg.ft.40;  Ali 6.31;  ilrt )•&. 
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Table  III 

iMgKARsu  Data  (Mull Smictra,  cm-1) 


MgfAIH.M'niF 

Mg(AlH«k‘2THF 

Mg(AlHr). 

1725  s 

1785  s 

1865  s 

1025  s 

1730  s 

1830  s 

920  w 

- 

875  in 

785  s 

740  s 

" 

- 

MgfAtHiJs^CrHxjrO 

CIMgAIH,-4THF 

CIMgAIH,-2THK 

1800  s 

1730  s 

1775  s 

1285  w 

1070-w 

1030  m 

1190  W 

1030  m 

880  m 

1150  m 

920  w 

810  m 

1090  m 

880  m 

745  m 

1045  s 

995  w 

895  w 

740 -s 

745  s 

GlMgAlHc 

1850  s 

1830  s 

BrMgAIH,-4THF 

BrMgAIHi-fCsHibO 

lMgAIH4-(CjHj)*0 

1715  s 

1830  = 

1800  s 

1070.W 

1290  w 

1285  w 

1030  m 

1260  w 

1190  w 

915  w 

1190  w 

fl50  w 

87 5  m 

1150  w 

1090  m 

795  s 

1090  in 

1051  m 

'  745  s 

1040  m 

900  m 

1000  w 

890  w 

900  w 

810  s 

750  s 

720  s 

(3)  Sodium  Aluminum  Hydride  and  Magaew.um  Iodide  ia 
Tetrahydrofuran. — At  0.5:1.0  addition  of  a  solution  ofXaAIH, 
in  tetraliydrofuran  to  solid  Mgl,  in  tetrahydrofuran,  the  infrared 
analysis  of  the  filtrate  showed  an  absorption  hand  at  1730  cm-’. 
At  a  I.O:I.O  ratio,  a  shoulder  appeared  on  the  low-frequency 
side  of  the  absorption  band  noted  above.  The  intensity  of  the 
band  at  1 730 cni  "•  was  not  increased .  The  X-ray  powder  pattern 
of  the  solid  after  the  1:1  addition  showed  it  to  be*  mixture  of 
MglrOTliFand  Mg(AIH,V4THK.  Further  addition  oti.'ttAlH, 
increased  the  inteasity  of  the  shoulder  until  at  a  ratio  oflOtl.O 
the  entire  band  centered -at  1680  cm-"1.  A  yield  of  58%  for 
Mg(Allfi)j'4THF  was  obtained.  The  soiid  at  10:14}  addition 
was  analyzed.  Ami.  Caicd  for  MgfAHf,).-4THF:  Mg,  6.48; 
Al,  14:41;  H,  2.13;  I,  0.0.  Found:  Mg,  7.06;  Al.  14.83; 
11,2214;  1,0.0.  Infrartd  and  X-ray  powder  pattern  data  are 
given  in  Tafc!es  I  -III. 

B.  RcarticMS  of  UAlH<  and  MgXt  in  Tcrtrahydnfsra*.  (I) 
Iikm  A’Biiaw!  Hydride  and  Mipidiu  Ckhdfe  k»  Trtra- 
hydrofatru. — At  i-  0.5: 1.0  ratio  -if'  LiAIH,  in  tetrahydrofuran 
to  MgCIriiv  tetrahydrofuran,  infrared  analysis  of  the  dear  filtrate 
shared  aU-crplion  bands  at  1715,  795,  and  760  on"'.  At  A 
1 .0:1 4)  ratie  these  bands  increased  tn  intensity  and  broadened 
somewhat  At  l-5rl.tr  ratio  the  bonds  increased  iu  intensity, 
am J  a  shoulder  appeared  at  the  low-frcqneccy  side  of  the  1715- 
cm~*  hand.  At  a  2-41:1.0  ratio  these  bands  increased  in  intensity, 
and  at  a  3.0 -1.0  ratio, -what  war.  the  sin  llder  in  the  previous 
addition  became  the  main  band  and  was  centered  aroundTOB! 
ern'*.  The  band  at  7(f0  cm"1  broadened  and  its  mtensity  in- 
created  ta  r  greater  extent  than  the  785-cm"1  band.  fLiAIH, 
in  tetrahydrofkras'  has  infrared  absorption  bands  at  1091  and 
763ca'1.}  Xo  precipitate  was  observed  eves  at  3.0 : 1 .0  addition. 

In  a  separate  experiment,  LiAIllr  was  added  to  MgC<  m 
tetrahydrofuran  m  1:1  ratio.  The  solvent  w*  thru  removed 
under  vacuus;  end  she  infrared  spectrum  and  X-ray  powder 
pattern  of  the  resulting  solid;  were  obtained.  The  solid  was 
shown  to  be  a  mixture  of  LtCl  and  CiMgAUf«-4Tl!F. 

‘2)  lithium  Mar*  nan  Hydride  and  Mag,-  want  Breiaida  in 
Tetrahydrefaraa  .—Similar  results  were  obtained  as  m  the 
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-previous  system.  No  precipitate  was  observed  even  at  I,iA!li< 
to  MgBh  ratios  as  high  as  5.0- 1.0. 

(3)  Lithium  Aluminum  Hydride  and  Magntritrc:  Iodide  ia 
T«tnd>ydnrfarfin.~ When  LiAIH.  in  tetrahydrofuran  was  added 
to  Mgfjin  tetrahydrofuran,  noabsorptioti  bands  appeared  in 
the  infrared  spectrum  of  the  solution  which  were  different  from 
those  of  -pure  aolvtr.L  antila  LiAIH.  :MgI-  ratio  of  greater  than 
S.Otl.O  ws';  attained.  At  this  point  absorption'bands  at  1601 
and  760  cm*1  appeared  indicative  of  LiAIH.  in  solution.  The 
precipitation  of  soihicmaterialdn  this  reaction  was  obscured  by 
the  fset  that  the  Mg  I,  reactant  is  insoluble  in  T11F.  The  X-ray 
powder  diffraction  pattern  of  the  solid  product  showed  the  com¬ 
pound  to  be  Mg(AIH.);-4THF,  A  yield  of  R<>%  for  Mg(AlH«j- 
4TUF  was  obtained.  _ 

C.  Reectioof  of  NtAlH.  and  MgX-  in  Diethyl  Ether. 
Sodium  Aluminum  Hydride  and  Msgnesium  Bromide  in'Diethyf 
Ether. — Magnesium  bromide  in  diethyl  ether  was  added  to 
NaAlH«.in  diethyl  ether  in  a  ratio  of  1.0:2.0.  The  solution  was 
stirred  for  4  days.'  At  the  end  of  this  time  no  bands  in  the  Al-H 
stretching  and  deformation  regions  were  found  in  the  infrared 
spectrum  of  the  solution.  An  X-ray  powder  pattern  of  the  solid 
showed  lines  due  to  TV’aBr  and  some  other  compound  which  was 
Iiov  MgBrj  or  NaAIH«.  The  infrar  .d  spectrum  of  the  solid  Had 
bands  .i-1800,  1285, 1190,  1160,  1090,  1046,  095,  895,  and  740 
cm"’.  The  white  solid  was  subjected  to  Soxhlet  extraction. 
The  infrared  spectrum  of  the  resulting  .solid  in  Nujofexhibited 
absorption  bands  at  1800,  1285,.  1190,  1150,  1090,  1045,  995. 
895,  and  740  cm-1.  The  X-ray  powder  diffraction  pattern  is 
given  in  Table  I;  The  total  yield  of  Mg(A!H<)>-2fC,K>)»0  was 
80%.  And.  Cabd  for  Mg(AlH4),-2C,H,0:  Mg.  10.37;  Al, 
23.03;  H,  3.41.  Found:  Mg,  9.43;  Al,  23:96;  H,  3.50. 

D.  IssctiMf  of  UUHi  and  MgX.  in  Diethyl  Ether.  (1) 
Lithium  Afnmlnrm  Hydride  and  MagnaaiUm  Chloride  in  Diethyl 
Ether. — Lithium  aluminum  hydride  in  diethyl  ether- was  added 
to  WfOb  m  diethylethcrin  arooleratioof  2.0:l-0.  The  solution 
was  stirred  for  2  days.  The  solid  obtained  was  analysed.  And. 
Found:  Cl,  50.43;  Mg,  2.96;  Al,  7.27.  The  X-ray  powder 
pattern  showed  ouly  XiCf.  The  infrared  spcctnm  of  the  solid 
gave  do  definite -bands  in  the  Al-H  stretching  region.  After 
removing,  some  of  the  solvent  from  the  fihrate  a  solid' was  ob- 
tamed  and  analysed.  And.  Found:  Cl-  16.17;  Mg,  12,53; 
Al,  24.C2;  Li,  3.15.  The  X-ray  po*  der;  pat  tern  gave  lines  for 
LX3  and  some  other  compounds-  The  infrared  spectrum  of  the 
solid  geve  banns  at  1S45, 1780, 1190, 1150, 1090, 104 0, 995,  and 
«00em-«. 

When  Li  AIM,  was  added  to  MgCl,  m  diethyl. ether  m  a  mole 
latio.of  1.0: l.O.  the  precipitate  obtained  was  analyzed.  And. 
Found:  C1,  43.9I;  Mg.7.25;  AI.JJ.66;  Li,  6.17.  The  X-ray 
powder  pattern -showed  lines  for  LiCJ  and  another  compound 
-which,  did  not  correspond  .to  the  compound  in  the  2:1  case. 
The  solid  obtained  by  removing  the  solvent  from:  the  filtrate  was 
analysed.  A nd.  Found:  Cl,  22.42;  Mg,  12.99;  Al,  10.84; 
Li,  1.27.  The  X-ray  powder  pattern  gave  lines  for  LtCI.  In 
addition  to  the  lines  for  LiCl,  other  lines  were  observed  which 
conespoadej  to  the  second  solid  in  the  2:1  case.  The  infrared 
spectrum  of  this  solid  gave  bands  at  1800,  1260,  1195,.  I  ISO, 
1095,  10M,  1600,  and  990  cm-1.  The  solution  spectra  oftbe 
2: Land  1:1  case  both  gave  absorption  hands  at  1789  cm"*  and 
shoulders  on  the  low-frequency  side. 

(2)  Lithium  Alaadaam  TTjilrirTi  sal  Magmah—  ffnmiilr  fn 
Dtathyi  Ethar.— At  aOjil.u  ratio  of  LiAIH,  to  MgBr,  ia  diethyl 
ether,  absorption  bands  at  1789  and  760  cm"1  appeared  hi  the 
infrared  spectrum  of  thesofatmt.  Ala  IT);  1.0  ratio  a  shoulder 
on  the  bw-fietpKocy  side  of  the  1780-cui~‘  band  appeared.  At 
a  2 .5:1.9  ratio,  die  bands  increased  in  snteasky  and  the-band  at 
769  cm'1  broadened.  At  a  2j9:1j 9  ratio,  the  bands  at 1780  and 
1749  rat"1  were  of  equal  intensity.  At  a  3 .0:1.0  i*t»  the  bends 
at  1749  cm-1  mereased  fat  ia  tensity. 

-  V  mdptste  was  initially  formed  which  gave  an  indefinite 
a^dyjis.  Huwerer,Hcoeuic<don}y2%of  the  total  magnesiam. 

In  a  separate  experiment,  iithmat  t,luuirmiai  hydride  in  dietuyl 
ether  was  added  to  MgBr,  in  diethyl  ether  in  a  mote  ratio  of 
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1 .0:1.0.  The  solvent  was  then  removed  and  a  solid  was  obtained. 
The  X-ray  powder  pattern  showed  XiBr  but  not,  LiAIH.  or 
MgBrr(Cj}ii)»0.  For  the  infrared  spectrum  of  the  solid  in 
Nujol  see  Table  III.  And.  Caicd  for  LiBr  +  BrMgAIH.- 
2(C«!l»)rO:  Li,  1.89;  Br,  43.65;  Mg,  6.54;  Al,  7.37.  Found: 
Li,  1.87;  Br,  40.74;  Mg,  6.45;  Al,  6.45. 

(3)  Lithium  Aluminum  Hydride  and  Magnesium  Iodide  in 
Diethyl  Ether. — No  infrared  absorption  bands  other  than  diethyl 
eiher  appeared  up  to  a  LiA1Il«:MgI,  ratio  of  1.0: 1.0..  Awhile 
solid  was  obtaincd.up  to  tliis  ratio  and  analyzed.  Anal.  Caicd 
for  IMgAlJl»-(CtHi)iO:  1,49.53;  Mg,  9:40;  Al,  10.53.  Pound: 

I,  49.23;  Mg,  9.52;  Al,  10.67.  Addition  of  more  LiAIH,  gave 
infrared  bands  corresponding  to  LiAIHi.  A-yieid  of  product  was 
,72%.  For  the  X-ray  powder  diffraction  pattern  and  infrared 
spectrum. of  the  solid  see-TaWes  l  and  III. 

Reaction  of  Magnesium  Aluminum  Hydride  and  Magnesium 
Chloride  in  Tetrahydrofuran. — When  equimolar  amounts  of 
Mg(A|H<)t  and  MgCt,  in  TUP  were  mixed,  the  resulting  solution 
gaVe  an  infrared  spectrum  corresponding  to  that  of  ClMgAlH,. 
The  removal  of  the  solvent  gave  a  solid  Whose  infrared  spectrum 
and  X-ray  powder  pattern  were  identical  withthoseof  C!Mg- 
A1H.-4THF. 

Reaction  of  Lithium  Bromide  and  Magnesium  Aluminum 
Hydride  in  Diethyl  Ether.— When  equimolar  amounts  of  LiBr 
and  Mg(AlH,),  were  mixed  in  diethyl  ether,  the  resulting  solution 
exhibited  infrared  absorption  bonds  at  1780,  1740  (both  of 
equal  intensity),  793,  and  762  cin~*.  See  Figure  2. 

Results  and  Discussion 

In  the  present  study  LiAIH,  and  NaAlHi  were  al¬ 
lowed  to  react  with  MgClj,  MgBr*,  and  Mgl,  in  diethyl 
ether  and  tetrahydrofuran .  It  is  important  that  this 
reaction  was  studied  in  such  detail  since  the  course  of 
the  reaction  is  dependent  on  the  nature  of  the  alkali 
metal,  the  halide,  the  solvent;  and  the  solubility  of  the 
alkaki  metal  fcaiide  by-product.  The  discussion  will  be 
divided  roughly  into  two  parts  (eq  7),  namely,  those 
combinations  of  reactants  that  produce  Mg(AlHi)-  as 
the  reaction  product  suid  those  combinations  of  react¬ 
ants  that  either  stop  at  the  XMgAlHi  stage  or  produce 
an  equilibrium  mixture  of  products. 

MAW. 

MAIIf.  +  MgX,  — ►  MX  +  XMgAlHi - 

MX  +  MgfAIHd,  (7) 

When  NaAlHi  was  allowed  to  react  with  MgClt  in 
tetrahydrofuran  in  a  mole  ratio  of  1.0: 1.0,  a  white  pre¬ 
cipitate  appeared  which  was  shown  by  elemental  and 
X-ray  powder  pattern  analyses  to  be  NaCI.  Thc  in- 
f rared  spectrum  oftbe  reaction  solution  showed,  bands 
at  1715,  795.  and  7G0  cn  I  Noneof  these  bands  cor¬ 
responds  to  NaAlHi  but  i~£y  are  characteristic  of  the 
Al-H  stretching  and;  deformation  regions.  When  this 
solution  was  subjected  Ut  fractional  crystallization,  suc¬ 
cessive  fractions  gave  elemental  analyses  corresponding 
to  the  empirical  formula  CIMgAIH, -ITUF.  The  X-ray 
powder  pattern  of  this  solid  shows  no  lines  due  to  Mg- 
0*-2THP,  Mg(AlH,)* -4THF,  NaAlHi,  cr  NaCI. 
Furthermore,  the  infrared  spectrum  of  this  solid  shows 
bands  at  1730,  1070,  1030,  9*20.  SSC,  sum  745  cm"* 
which  are  hot  characteristic  of  cither  MgCfc  or  Mg- 
(AIH.);-4THF.  Also  no  bands  characteristic  dfMg-H 
were  observed.  It  would  appear  then  that  the  product 
produced  in  this  reaction  is  ClMgAIHi-4TliF  and  not 
a  physical  mixture  of-MgCI*  and  MgfAlHrJj  or  MgCh. 
MgH,,  and  A1H,. 
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As  one  adds  more  NaAiHi  to  the  MgCli  in  tetrahy- 
drofuran  until  the  mole  ratio  is  2.0: 1.0,  more  precipitate 
is  formed  and  the  infrared  spectrum  of  the  solution 
shows  no  bands  in  the  Al-H  or  Mg-H  stretching  and 
deformation  regions.  The  infrared  spectrum  of  this 
solid  in  Nujol  shows  bands  at  1725, 1025, 320,  875,  785, 
and  740  cm-1.  The  X-ray  powder  pattern  oi  .the  solid 
showed  NaCl  in  admixture. with  some-other  compound. 
The  elemental  analysis  of  the  solid' was  consistent  with 
a  mixture  of  NaCl  and  Mg(AlH,),'4THF.  Soxhlet 
extraction  of.  this  solid  w'ith  tetrahydrofuran  yielded 
crystals  which  produced  an  analysis  consistent  with 
Mg(AlH()j-4THF,  The  infrared  spectrum  of  the 
solid-extracted  product  was  the  same  as  the  original 
product  niixtitis'hnd  the  X-ray  powder  pattern  showed 
all  the  lines  of  the  mixture  after  subtracting  out  the 
lines  due  to  NaCl.  The  infrared  and  powder  pat- 
tem  data  of  the  extracted  solid  were  not  consistent  with 
the  description  of  the  product  as  a  physical  mixlure  of 
MgHj  and  A1H*.  Thus  it  appears  clear  that  the  reac¬ 
tion  of  NaAiHi  and  MgCli  in  tetrahydrofuran  proceeds 
stepwise  to  produce  first  the  soluble  ClMgAlHt  and 
then  the  insoluble  Mg(AlH(.i, 

THF 

NaAiHi  4-  MgCls  — >-  ClMgAlH,  4-  NaCl  (3) 

THF 

CIMgAIH,  +  NaAiHi  — *-  Mg(.UHi),  +  NaCl  (0) 

When  MgCI,  in  tetrahydrofuran  was  added  to  Mg- 
(A1HJ),-4THF,  the  insoluble  Mg(AlH,)*  dissolved. 
The  resultant  solution  produced  an  infrared  spectrum 
identical  with  that  exhibited  by  ClMgAlH,.  Frac¬ 
tional  crystallization  of  the  solution  yielded  solid  frac¬ 
tions  whose  X-ray  powder  oattems  and  infrared  anal¬ 
yses  were  consistent  with  those  of  ClMgAIHi ■  4THF 
prepared  from  NaAlH,  and  MgCI,  in  1 :1  stoichiometry 

tup 

MgCI,  +  Mg(AW,),  — 2CL\fgAIH«  (10) 

Since  the  reaction  of  NaAi  N,  with  MgCI*  in  tetrahydro¬ 
furan  is  a  stepwise  reaction  to  produce  ClMgAlFI«  and 
then  Mg(AlH()j,  any  MgfAlKj),  formed  in  the  initial 
stages  of -the  reaction  would  rapidly  redistribute  with 
MgCli  to  form  ClMgAlH,.  The  Mg(AlH,),  formed  in 
these  reactions  was  insoluble  in  tetrahydrofuran,  diethyl 
ether,  and  the  common  nonprer. 5c  organic  solvents  con¬ 
trary  to  the  earlier  reports  by  W  :bcrg.s~* 

When  NaAlH,  was  allowed  to  react  with  MgEr*  in 
THF,  results  similar  to  thc  rcactions  with  MgCI-  were 
obscr\’cd ;  i.e.,  at  a  1 : 1  ratio  BrMgAlH,  was  formed  and 
at  a  2:1  ratio  MgfAlH,}*  was  formed  Since  'odium 
bromide  is  also  insoluble  in  tetrahydrofuran,  Mg- 
(A1H,)-  produced  in  this  reaction  contains  2  molar  cqOiv 
o?  NaBr. 

Magnesium  aluminum  hydride  could  be  prepared 
essentially  halogen  free  by  allowing  NaAlH«  and  Mgl- 
to  react  in  tetrahydrofuran  at  a  mole  ratio  of  10:1.0. 
Since  the  Nal  by-product  is  soluble  in  THF,  MgfAlII,), 
precipitates  from  solution  halogen  free;  Attempts  to 
prepare  lMgAIH,  in  THF  were  unsuccessful  owing  to 
the  disproportionation  of  this  compound  to  Mg!-aird 
Mg(AlxDi  in  tetrahydrofuran.  Since  both  Mgl*  and 
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Mg(AlH,),arc  insoluble  in  THF,  elemental  analysis  in¬ 
dicates  an  empirical  formula  IMgAlH,.  However  in¬ 
frared  and  powder  diffraction  analyses  show  that  this 
solid  is  a  physical  mixture  of  Mgl,  and  Mg(AlH,), 
(eq  11).  This  disproportionation  was  demonstrated 

THF 

NaA!H<  +  Mgh — *•  Nal  4-JIMgAlH,l — ► 

0.6MgI,  1  4-  O.SMg(AIHi),  {  (11) 

further  by  adding  TMgAJHr(G,Hs)sO  to  tetrahydro¬ 
furan  (eq  12).  The  reaction  was  very  exothermic  and 

THF 

2IMgAIH,  4-(C,H,),0  — ►  Mgl,-6THFJ  4- 

2>fg(AlHi),-4TJlF  |  4-  (C,Hj)£>  (12) 

the  resultant  solid  produced  an  infrared  spectrum  and 
X-ray  powder  pattern  consistent  with  those  of  a  mix¬ 
ture  of  Mgl  •  6THF  and  Mg(AlH,)r  4THF. 

A  second  reaction  which  produces  Mg(AlHi)i  essen¬ 
tially  halogen  free  is  that  between-  LiAlHi  and^Mgli  in 
tetrahydrofuran  at  a  mole  ratio  of  3:1  or  4:1.  Here 
again  the  disproportionation  oflMgAlH,  to  Mgl*  and 
Mg(AiH,)i  prevents  the  isolation  of  IMgAlH,  in  THF. 
The  solubility  of  the  Lil  by-product  enables  the  Mg- 
(AlHi),  to  be  obtained  halogen  free 
THF 

2LiAIHi  4-  Mgl,  — *-  Mg(AlH<),  4-  2X.il  (13) 

When  NaAiHi  was  allowed  to  react  with  MgBr,  in 
diethyl  ether  at  a  mole  ratio  of  2.0: 1.0,  a  white  precipi¬ 
tate  formed.  This  solid  was  shown  by  X-ray  powder 
diffraction  and  infrared  data  to  be  a  . mixture  of  NaBr 
and  Mg(AlHi),  (eq  14).  Thus  it  is  po.tsible  to  prepare 

(CiH*)iO  , 

2NaAlH,  4-  MgBr,  —  *-Mg(AIH,>\  -f  2NaBr  (14) 

MgfAIH,),  in  both  tetrahydrofuran:  and  diethyl  ether 
using  the  specific  combination  ofreageats  described. 

The  reactions  described  until  now  have  been  reason¬ 
ably  straightforward.  When  the  alkali  metal  alumi¬ 
num  hydrides  were  added  to  the  MgX,  in  1 : 1  stoichiom¬ 
etry,  XMgAlH,  was  formed.  Upon  addition  of  more 
MAlHi,  the  XMgAlH,  reacted  further  to  form  Mg- 
(AlHj),.  In  most  of  these  cases-thc  insolubility  of  the 
alkali  metal  halide  by-product  or  of  the  Mgl*  seems  to 
play  an  important  role.  If  now  we  concentrate  on  the 
reactions  where  the  alkali  metal  halide  by-product  is 
soluble,  wc  see  that  the  reaction  proceeds  in  a  somewhat 
different  fashion. 

When  LiAIH,  was  allowed  to  react  with  MgCI,  in 
tetrahydrofuran ijn  a  i.0:1.0  ratio,  the  reaction  filtrate 
exhibited  infrared  absorption  bands  corresponding  to 
CIMgAlK,  as  was  observed  in  the  reaction  of  MgCI, 
with  NaAlH,  n  tetrahydrofuran.  No  precipitate 
formed  in  the  reaction  since  XiCits  soluble  in  tetrahy- 
drofuran.  When  the  1.0: 1.0  ratio  of  rearfants  was. ex¬ 
ceeded,  the  bands  due  to  ClMgAlH,  did  not  decrease  in 
intensity  as  in  the  previous  cases.  Instead  as  more 
LiAIH,  was  added.  'Mods  due  to  th*  LiAIH*  ioersaseri  in 
mtenevy.  Thus,inslead  oTArgtAlHV),'bdng  produced, 
ad  equilibrium  resulted  as  shown  :i ,  eq  15. 

THF 

mm,  -r  KfcCJ,  CJMgAm,  4-  LiCI  (13) 
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figure  1. — Kcactnm  of  Li  AM,  an-.I  M?Br,  in  dieiliyj  ether.  Ratio  of  L:A!H,:MgBrj:  (1}  (CjHshO.  12)  05:1.0,  (3)  L0:L0,  «» 

J.5:1.0,.(5)  2.0:1  Q,  (C)  3.0: 1.0. 


In  order  to  determine  if  CiMgAlK,  was  the  actual 
intermediate  being  formed;  LiAlH,  wots  added  to  MgCl- 
in  telrahydfofuran  in  a  1:1  ratio.  The  solution  was 
then  fractionally  crystallized  and  thp  resulting  solids 
were  subjected  to  X-ray,  infrared,  and  elemental  anal¬ 
yses.  AH  of  the  analyses  showed  that  ClMgAlH,- 
4THF  and  LiCl  were  the  major  products  presen  t 
Similar  results  were  obtained  when  LiAlH,  and  MgBr- 
weie  allowed  to  react  in  tetrahydrofiiran  (eq  16).  The 
products  of  this  reaction  are  BrMgA!H,-4THF  and 
LiBr.  Here  no  solid  was  formed  in  the  reaction  even 
when  the  LiAlH, :MgBr-  ratio  was  5-»:1.0,  once  again 
indicating  the  laefcof  formation  of  Mg(AlH,)-  (insoluble 
in  tetrahydrofiiran).  Lithium  bromide  is  soluble  in 
tetrahydrofuran. 

tup 

LiAlH,  +  MgBr-  gnt-  BrMrAIil,  *  LiBr  f!lo 

The;  reaction  of  LiAlH,  and  MgBrs  in  diethyl  ether, 
previously  rcported'by  Wiberg  to  form  Mg(AlH,}:.  also 
showed  this  equilibrium  behavior.  The  ecjuiisbriura  in 
diethyl  ether  may  not  lie  as  far  to  the  right  as  in  tetra- 
hydrefuranfeg  Ifi)  since  the  LiAlH,  appears  in  the  so¬ 
lution  spectrum  sooner  than  it*  tdrahvdrofuran.  A 
snail  amount  of  initial  precipitate  was  framed:  how¬ 
ever  it  was  found  to  contain  less  than  ^  of  the  total 


magnesium  in  the  reaction.  Ho  additional  precipitate 
was  formed  even  Jt  an  LiAlHtrMgBr-  ratio  of  3:i. 
The  equilibrium  nature  of  the  reaction  of  LiAlH,  and 
MgBr-  in  diethyl  ether  wasverified  by  the  infrared  ex¬ 
amination  of  the  reaction  solution  as  the  LiAlH,  was 
added  to  the  MgBr-.  Figure  1  shows  that  ev  en  at  an 
LiAlH,: MgBr!  ratio  of  0.5: 1.0,  unreaded  LiAlH,  i< 
present  itt-the  reaction  mixture.  The  AI-H  stretching 
hand  (1740  cm-1)  and  the  Al-H  deformation  band 
(755  cm-*)  characteristic  of  LiAlH,  in  diethyl  ether 
increases  as  the  LiAlK,:SigBr-  ratio  increases.  At  the 
LiAlH,  :MgBri  ratio  of  2: 1  it  Is  dear  that  the  spectrum 
represents  a  mixture  of  BrMgAlH,  and  LiAlH,  inap- 
proximatcly  equimolar  quantities  rather  than  MgfAl- 
H,)t  reported  by  AViberg  (compare  the  spectrum  for 
Mg(AlHi)--£iC-H>)-0  in  Figure  2). 

In  order  to  tesv  the  equilibrium  hypothesis  an  ether 
solution  of  LiBr  was  added  to  MglAIH,}-  obtained  fey 
the  reaction  of  NaAlH,  and  MgBr*  in  diethyl  ether. 
The  resulting  solution  (eq  17)  produced  absorption 
•vonno 

i 4Br  4-  - *■  BrMjrASh,  LiAlH,  n“.* 

bands  of  equal  intensity  at  17?«i  and  174H  ccs'1,  iLi- 
A1H,  in  diethyl  ether  has  aa  absorption  hand  at  174m 
cm  and  BrMgAlH,  has  au  absorption  band -at  ITvf 
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cm  'iir  diethyl  ether.)  Tbe  infrJtd  spstosa  tf^at 
2}  was- consistent  with  that  expected  for  a  nixtist  of 
LiAlH,  and  BrMgAlHs.  The  spectraa  was  also  idee- 
tscal  with  the  sdatice  spectrum  of  the  2.0: 1.0  addition 
pox? net  of  LiAlH-  to  M£Br-  ftq  IS). 

fCAdO 

2Li.\5H«  +  M*Br-  BrMgAIKi  4-  liBe  liAIK*  >» 

In  diethyl  ether  thereartionzf  LiAlH.  wUhMgl;(cq 
15)  was  fotiod  to  proceed  h*  asat^ar  fasfeei  to  thereac- 
UonofliAIHiaiwlMgEr:  Atastosdekasetiyof  lil.st 
white  solid  *a» ■sbtair>td  which  was  shown  by  is? rami, 
X*ray  powderdiffracties*.  aid  deat&ta!  analyses  to  be 
1  MgAIHi*;  C;H-)/).  Further  adiitsca  ef  LiAlH*  (Sa 
cot  produce  Mg.AIH-)- 

UMH,  *  XfcJ, - *-  IXjAlHc-e  L3  - 

The  results  of  the  reaction  of  IiAIHt  and  MjCfe  is 
diethyl  ether  are  somewhat  confusing.  There  is  evi¬ 
dence  that  both  CiMgAiHt  ani  MjfSlHj*  are  famed. 
Both  the  I :  I  and  2 : 3  reaction  mixtures  appear  to  con¬ 
tain  ClMgAlHe.  In  the  2:  lease  there  is  exrjeece  also 
that  some  M^AJH^is  formed. 

luffed  studies  in  thesoSd  state  of  the  cjs^essSs 
prepared  indicate  that  UxdegrrosfcoeakshLbosdsEg  be¬ 
tween  the  magnesium  and  the  tebahplr^gk^ga'j 
group  is  dependent  opos  the  degree  ef  solvation.  This 
Ls  especially  true  in  the  case  of  the  tetrahrekseorsa  sol¬ 
vates.  Both  Mg  ALH.S  and  QMjAlH*  are 
fnxa  tetrabydnfssran  se&tks  as  the  IsXn&k  icin.- 
hydrofura&?toL  The  Job  IdcWMasa  sprite 
rookcoles  probably  exist  is  a  tetrahedral  anasge^vnt 
aket  the  s^ncsss  si®.  TfewoeU  aaeac  oc 
size  of  the  esti es  thereby  sta&iSzcrg  the  s^  -iec=V 
The  sc-Sd-sial?  infrared  spectra  of  M^A2fc-*THF 
and  CiMgAIK.-THF  bo  th  cxfeAci  ^?e  sharp 


<2»-5e)  ess"1  half-width  >  at  1723  and  1339  ea'5.  reotc 
tivdy.  Since  the  bends  are  se£  spit,  the  Saar  hr- 
drcj«i  on  the  AIH*  jrocp  mt;  be  equrvakoi  with  i» 
bridging.  This  wccild  be  ccesutst  with  =3  hoc 
model  . 

On  the  other  hand,  whew  twv>  of  tie  Utoiy^sfaw 
sofr«e  asoieceks  are  restored  frees  the  tetraiis  ssSrate. 
the  smeared  spectrum  «  the  reacting  sofei  shews  that 
the  AT-H  stretching  bad  has  wored  to  a  l^r  &e 
cat9qrasd^lith!9twili^st!i^asd!(^es'i. 
This  indicates  that  the  wk»od<5  has  beesat  rsm 
e?«3t5t  and  Ifeat  there  ait  pcofewbZy  £ddp<g  hrdn> 
ges>  as  bdiatftS  by  the  t«e  bonds.  Is  is 

oo^fetehr  desafsated.  the  Al-H  s?xtJchrs-  fn^atncT 
shuts  to  as  even  higher  faqsacy  and  resns  apfe 
with  bands  at  [Swaad  IS5jc?b~! 

Wfea  QMf AVITHF  s&tebtd  a  teessKdre- 
cyUSztd,  the  solid  cUwtd  wetaas  cely  l^o  THF 
s^nttmhalesL  The  infrared  spectres  ef  SlssneSd 
shows  that  the  A*-H  stddieg  bad  Ins  shRt4  to  *v 
%hr  frepwacr-  Ifowa.  the  bed  w  not  «• 
though  it  is  somewhat  brood  and  is  c*  .teres  at  1713 
ess-5.  I'pcecsefhledajrjifKetbe  Udf^axk^ 
band  ag-sm  shafL-  to  ah^er  fieatsy  scit^  far 
spits  into  two  bauds:  t^QasalS^cssi. 

The.-?  data  h&alr  that  spefi  descevatafra 
ansi  ClMgAIH;  cdfead  gar  cvvxkEi  (feaUr 
tsr  fifh  hoi^3|  ipstpa  IrJfea  -hy¬ 

dride  i?  the  «£3  state  which  s  smsdsd  to  be  c> 
valent,  has  two  juris  in  the  »5d-5taie  scared  sw- 
tnsat  Si^adiSSca*5. 


lu  s^iay.  the  rmetaoss  ef  hy- 

thlss  with  kHes  srfeswssstscsi  be 
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divided  into  two  classes.  The  first  class  includes  those 
reactions  which  produce  an  insoluble  alkali  metal 
halide  by-product.  These  reactions  produce  at  a  1:1 
MAIH4  +  MgXj  stoichiometry  anisolatableXMgAlH* 
compound  and  upon  addition  of  more  M  A]H*  produce 
Mg(AlH()3  in  good  yield.  An  exception  to-this  is  the 
Mglj  case  in  THF.  Here  the  “IMgAlH*”  dispropor-. 
tionates  to  Mgi*  and  Mg(AlH<)j  Immediately  so  that 
’TMgAlHj”  cannot  be  isolated  from  tetrahydrofurar. 
solution.  The  second  class  includes  those  reactions 
where  the  alkali  metal  by-product  ^soluble.  Here  an 


equilibrium  is  produced  according  to 

MAUI*  +  MgXj  XMgAlil*  +  MX  (20) 

Magnesium  aluminum  hydride  is  not  formed  even  when 
MA1H*  is  added  in  excess. 
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IS,  ABSTRACT 


.  For  the  c-econd  contract  year-worfyhao  been  carried  out ; to  prepare  new  end 
unusual  simple  and  complex  metal  hydrides  of  the  main  group  metal Sj  litijium^ 
beryllium,  magnesium,  boron  and  aluminum.  The  philosophy  of  thi-s:endeavor  is  to 
pursue  both  the  understanding  of  fundamental  chemical  reactions,  in  the  hydride" 
area  that  are  poorly  understood  or  incorrectly  reported  ds  well  as  directing  major 
attention  to  the  synthesis  of .  new  compounds  ..  By  the  pursuit  of  understanding  as  - 
well  as  synthesis  it  it  hoped  that  entirely  new  concepts  will  be  uncovered  which 
will  lead  to  major  contributions.  The  most  notable  contributions  of  the  present 
-report  are  the  synthesis  of  the  first  alkali  metal  magnesium  hydrides  (KMgHo, 
NaMgpK^},  the  fir-l  stable  HMgX  compounds  (liMgNRp),  ~he  development  of  extremely 
economic  routes  to  aaunoa  lanes  {HaUNR^)^  j  and  aminobcrar.ee  (HBCNRgJg)*  first  . 
synthesis  of  RMgH  compounds,  the  completion  of  detailed  mechanistic  studies  of 
several  fundamental  reactions  in  the  hydride  area,  and  the  inauguration  of  DIA-TGA 
invest igitoou-  of  totn  simple: and  complex  met^J  hybrid tb.  _ 


